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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] . 

[Claim 1] The constituent for optical waveguide resin characterized by including the alicyclic 

compound (a) which has the OKISETANIRU radical of a piece at least in intramolecular. 

[Claim 2] The constituent for optical waveguide resin according to claim 1 with which the 

alicyclic compound (a) which has the OKISETANIRU radical of a piece at least in intramolecular 

is characterized by being the compound expressed by the general formula (1). 

[Formula 1] 

H 2 C O 

,CHn 

CH 2 



OH J 



(1 ) 



_CH 



^CHn R 

((n is 2 when m is 0.) It is each radical of a hydrogen atom or the alkyl group of carbon numbers 

1- 12, an aryl group, an aralkyl radical, and an alkyl halide radical, m is the integer of 0-2, and the 
inside R of a formula is 1 except it) 

[Claim 3] The constituent for optical waveguide resin according to claim 2 characterized by the 
compound shown by the general formula (1) being a 2-oxaspiro [3.5] nona-6-en or a 5-methyl- 

2- oxaspiro [3.5] nona-6-en. 

[Claim 4] The constituent for optical waveguide resin according to claim 1 with which the 
alicyclic compound (a) which has the OKISETANIRU radical of a piece at least in intramolecular 
is characterized by being the compound expressed by the general formula (2). 
[Formula 2] 



(2) 



((n is 2 when m is 0.) It is each radical of a hydrogen atom or the alkyl group of carbon numbers 
1-12, an aryl group, an aralkyl radical, and an alkyl halide radical, m is the integer of 0-2, and the 
inside R of a formula is 1 except it) 

[Claim 5] The constituent for optical waveguide resin according to claim 4 characterized by the 
compound shown by the general formula (2) being 2-oxaspiro [3.5] nonane or a 5-methyl-2- 
oxaspiro [3.5] nonane. _ 
[Claim 6] The constituent for optical waveguide resin according to claim 1 with which the 
alicyclic compound (a) which has the OKISETANIRU radical of a piece at least in intramolecular 
is characterized by being the compound expressed by the general formula (3). 
[Formula 3] 
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A" I 

oQJ (CHa)^ 



H 2 C- — 

CHn 



-CH 2 

(3) 



^CHn n 

((n is 2 when m is 0.) It is each radical of a hydrogen atom or the alkyl group of carbon numbers 
1-12, an aryl group, an aralkyl radical, and an alkyl halide radical, m is the integer of 0-2, and the 
inside R of a formula is 1 except it) 

[Claim 7] The constituent for optical waveguide resin according to claim 6 characterized by the 
compound shown by the general formula (3) being a 7 and 8-epoxy-5-methyl-2-oxaspiro [3.5] 
nonane, 6, and 7-epoxy-2-oxaspiro [3.5] nonane. 

[Claim 8] The constituent for optical waveguide resin according to claim 1 with which the 
alicyclic compound (a) which has the OKISETANIRU radical of a piece at least in intramolecular 
is characterized by the thing which was chosen from the compound expressed with a general 
formula (1), a general formula (2), and a general formula (3), and which is a kind at least. 
[Claim 9] The constituent for optical waveguide resin of any one publication of claim 1-8 
characterized by containing the compound (b) which has an epoxy group more than a piece and 
does not have an OKISETANIRU radical. 

[Claim 10] The constituent for optical waveguide resin according to claim 9 characterized by the 
compound (b) which has an epoxy group more than a piece and does not have an OKISETANIRU 
radical having a fluorine atom. 

[Claim 11] The constituent for optical waveguide resin of any one publication of claim 1-10 
characterized by including the compound (c) which makes cationic polymerization start with an 
exposure and/or heating of an activity energy line. 

[Claim 12] The constituent for optical waveguide resin according to claim 1 1 which is one or 
more sorts as which the compound (c) which makes cationic polymerization start with an 
exposure and/or heating of an activity energy line was chosen from sulfonium salt, iodonium salt 
phosphonium salt, and diazonium salt 

[Claim 13] The constituent for optical waveguide resin of any one publication of claim 1-12 
characterized by including a radical polymerization nature compound (d). 
[Claim 14] The constituent for optical waveguide resin of any one publication of claim 1-13 
characterized by including an optical radical initiator (e). 

[Claim 15] The constituent for optical waveguide resin of any one publication of claim 1-14 with 
which the refractive index to the D line of the sodium in 25 degrees C of a hardened material is 
characterized by being a value within the limits of 1.70 or less [ 1.40 or more ]. 
[Claim 16] Optical waveguide which was made to harden the constituent for optical waveguide 
resin of any one publication of claim 1-15, and was obtained. 

[Claim 17] Optical waveguide characterized by for either [ at least ] the core section or the clad 
section hardening the constituent for optical waveguide resin of any one publication of claim 1 
15, and obtaining it while having the core section and the clad section. 

[Claim 18] The manufacture approach of the optical waveguide which forms optical waveguide by 
the development which is made to harden the constituent concerned alternatively and removes a 
part for a non-hard spot by irradiating an activity energy line alternatively at the layer using the 
constituent for optical waveguide resin containing the compound (c) which makes intramolecular 
start cationic polymerization with the exposure and/or heating of an alicyclic compound (a) and ' 
an activity energy line which have the OKISETANIRU radical of a piece at least 
[Claim 19] The optical device with which optical waveguide according to claim 16 was used. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical relation ingredient which used the 
optical waveguide for the hardenability constituent for forming the optical waveguide to which a 
lightwave signal can spread the interior and the optical waveguide which hardened the 
constituent and was obtained, and a list. 
[0002] 

[Description of the Prior Art] By advance of the technique in IC (Integrated circuit; integrated 
circuit) or LSI (Large Scale Integration; large-scale integrated circuit), those working speeds and 
accumulation scales improve and high-performance-izing of a microprocessor and large 
capacity-ization of a memory chip are attained quickly, between the chips between the boards in 
the former and a device, or in a board etc. — signal transduction between short distance has 
mainly been comparatively performed by the electrical signal. In order to raise the engine 
performance of an integrated circuit further from now on, the further improvement in the speed 
of a signal and the densification of signal wiring are needed, but in electrical signal wiring, while 
these improvement in the speed and densification are reaching a limitation, the signal delay by 
CR (C: electrostatic-capacity [ of wiring 1 resistance of Rwiring) time constant of wiring poses a 
problem. Moreover, since improvement in the speed of an electrical signal and the densification 
of electrical signal wiring cause an EMI (Electromagnetic Interference) noise, they become 
indispensable [ the cure ]. 

[0003] Then, optical wiring (optical interconnection) attracts attention as what solves these 
problems. Optical wiring is considered [ that it is applicable to various parts, such as between 
the chips between the boards between devices and in a device, or in a board, and ]. Especially, 
optical waveguide is formed on the substrate in which the chip is carried, and it is considered 
suitable by transmission of the signal between short distance like [ during a chip ] to build the 
optical transmission and communication system which made this the transmission line. 
[0004] The waveguide used here can be used for optical devices used for the optic field in 
addition to optical wiring, such as optical passive components, optical circuit components, etc., 
such as an optical switch, a fiber optic connector, an optical spectral separation multiplexing 
machine, an optical spectral separation coupler, an optical attenuator, and an^optical isolator. 
About these light device, publication and p.161-175 will have a publication in "newest 
commercial scene of transparent plastic" CMC publication 1999. Hereafter, all the things about 
the waveguide used for an optical relation ingredient are summarized as optical waveguide, and 
are indicated. 

[0005] Conventionally, inorganic glass, such as a quartz, was used as this kind of optical 
waveguide. However, since it was necessary to perform heat treatment by the elevated 
temperature to form optical waveguide using inorganic glass, heat-treating under the elevated 
temperature of a semi-conductor substrate, a plastic plate, etc. was not able to form optical 
waveguide on the difficult substrate. 

[0006] On the other hand, optical waveguide using polymeric materials is being proposed and put 
in practical use in recent years. Polymeric materials are easy to process it as compared with an 
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inorganic material, and can perform large-area-izing and film-ization easily. Moreover, since it is 
flexible, it has various advantages, like that an application is large and adjustment of a refractive 
index is easy. Especially, since it is the ingredient which can be mass-produced, the resin of an 
ultraviolet curing mold is expected as an ingredient for optical waveguides. As resin of such an 
ultraviolet curing mold, the epoxy resin is known widely. 

[0007] The optical waveguide using an epoxy resin is formed by performing the development 
which carries out wet etching of the part for the non-hard spot of resin, after applying resin on a 
support base and carrying out selection exposure of the resin generally. 
[0008] However, since the polymerization nature of an epoxy resin was low, when optical 
waveguide was formed using an epoxy resin, it had the problem that a lot of energy is required in 
case resin is stiffened, and productive efficiency will worsen. 

[0009] On the other hand, it is known by mixing an oxetane compound with an epoxy compound 
that cation hardening will improve remarkably. Since it is such, although the constituent for 
optical waveguide resin which used these oxetane compound is shown, in order to actually use 
for optical waveguide, in JP.2000-356720.A the present condition is being unable to say that it 
has sufficient cure rate. 

[Problem(s) to be Solved by the Invention] This invention is made in view of this trouble, and it is 
in offering the optical waveguide which used it for the constituent for optical waveguide resin 
excellent in polymerization nature, and the list, and its manufacture approach. 

[Means for Solving the Problem] this invention persons came to complete a header and this 
invention for the ability of the constituent for optical waveguide resin containing a specific 
cationic polymerization nature compound and the compound which makes cationic polymerization 
start with an exposure and/or heating of an activity energy line to solve said technical problem, 
as a result of considering solution of the above-mentioned technical problem wholeheartedly. 
[0012] That is, this invention relates to the optical waveguide which used it for the constituent 
for optical waveguide resin shown in the following [1] - [19], and the list, and its manufacture 
approach. 

[0013] [1] The constituent for optical waveguide resin characterized by including the alicychc 
compound (a) which has the OKISETANIRU radical of a piece at least in intramolecular. 
[0014] [2] The constituent for optical waveguide resin given in [1] to which the alicychc 
compound (a) which has the OKISETANIRU radical of a piece at least in intramolecular is 
characterized by being the compound expressed by the general formula (1). 

[Formula 4] 

H 2 <? O 

jCHd 

II / 

(CH_)m 
CH \ CH 

((n is 2 when m is 0.) It is each radical of a hydrogen atom or the alkyl group of carbon numbers 
1-12. an aryl group, an aralkyl radical, and an alkyl halide radical, m is the integer of 0-2, and the 
inside R of a formula is 1 except it) 

[3] The constituent for optical waveguide resin given in [2] characterized by the compound 
shown by the general formula (1) being a 2-oxaspiro [3.5] nona-6-en or a 5-methyl-2-oxasp.ro 
[3.5] nona-6-en. 

[0015] [4] The constituent for optical waveguide resin given in [1] to which the alicychc 
compound (a) which has the OKISETANIRU radical of a piece at least in intramolecular is 
characterized by being the compound expressed by the general formula (2). 
[Formula 5] 



CH 



-CHp 

(1 ) 
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(2) 



((n is 2 when m is 0.) It is each radical of a hydrogen atom or the alkyl group of carbon numbers 
1-12, an aryl group, an aralkyl radical, and an alkyl halide radical, m is the integer of 0-2, and the 
inside R of a formula is 1 except it) 

[5] The constituent for optical waveguide resin given in [4] characterized by the compound 
shown by the general formula (2) being 2-oxaspiro [3.5] nonane or a 5-methyl-2-oxaspiro I3.5J 

nonane. .. 
[0016] [6] The constituent for optical waveguide resin given in LU to which the alicyciic 
compound (a) which has the OKISETANIRU radical of a piece at least in intramolecular is 
characterized by being the compound expressed by the general formula (3). 
[Formula 6] 

H 2 C ; 



CH 2 

(3) 



CH \ CH 



((n is 2 when m is 0.) It is each radical of a hydrogen atom or the alkyl group of carbon numbers 
1-12, an aryl group, an aralkyl radical, and an alkyl halide radical, m is the integer of 0-2, and the 
inside R of a formula is 1 except it) 

[0017] [7] The constituent for optical waveguide resin given in [6] to which the compound shown 
by the general formula (3) is characterized by being a 7 and 8-epoxy-5-methyl-2-oxaspiro [3.5] 
nonane, 6, and 7-epoxy-2-oxaspiro [3.5] nonane. 

[8] The constituent for optical waveguide resin given in [1] to which the alicyciic compound Ka) 
which has the OKISETANIRU radical of a piece at least in intramolecular is characterized by the 
thing which was chosen from the compound expressed with a general formula (1), a general 
formula (2), and a general formula (3), and which is a kind at least 

[9] The constituent for optical waveguide resin of any one publication of [1] - [8] characterized 
by containing the compound (b) which has an epoxy group more than a piece and does not have 
an OKISETANIRU radical. 

[0018] [10] The constituent for optical waveguide resin given in [9] characterized by the 
compound (b) which has an epoxy group more than a piece and does not have an OKISETANIRU 
radical having a fluorine atom. 

[11] The constituent for optical waveguide resin of any one publication of LI J L1UJ 
characterized by including the compound (c) which makes cationic polymerization start with an 
exposure and/or heating of an activity energy line. 

[12] The constituent for optical waveguide resin given in [11] which is one or more sorts as 
which the compound (c) which makes cationic polymerization start with an exposure and/or 
heating of an activity energy line was chosen from sulfonium salt, iodonium salt, phosphonium 
salt, and diazonium salt _ _ _ 

[0019] [13] The constituent for optical waveguide resin of any one publication ot LU Ll^J 
characterized by including a radical polymerization nature compound (d). 
[14] The constituent for optical waveguide resin of any one publication of [1] - [13J 
characterized by including an optical radical initiator (e). 

[15] The constituent for optical waveguide resin of any one publication of claim 1-14 with which 
the refractive index to the D line of the sodium in 25 degrees C of a hardened material is 
characterized by being a value within the limits of 1.70 or less [ 1.40 or more J. 
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[0020] [16] [1] Optical waveguide which was made to harden the constituent for optical 
waveguide resin of any one publication of - [15], and was obtained. 

[17] Optical waveguide characterized by for either [ at least] the core section or the clad 
section hardening the constituent for optical waveguide resin of any one publication of [1 J L1 5J, 
and obtaining it while having the core section and the clad section. 

[0021] [18] The manufacture approach of the optical waveguide which forms optical waveguide 
by the development which is made to harden the constituent concerned alternatively and 
removes a part for a non-hard spot by irradiating an activity energy line alternatively at the layer 
using the constituent for optical waveguide resin containing the compound (c) which makes 
intramolecular start cationic polymerization with the exposure and/or heating of an alicyclic 
compound (a) and an activity energy line which have the OKISETANIRU radical of a piece at 

[19] The optical device with which the optical waveguide of a publication was used for [16]. 

[0022] j 4 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to 

a detail. . 
[0023] the alicyclic compound (a) which has the OKISETANIRU radical of a piece at least in the 
same intramolecular of this invention — (— it abbreviates to a compound (a) henceforth. The 
alicyclic compound expressed with a general formula (1), a general formula (2), or a general 
formula (3) as) is desirable, a general formula (1), (2), and (3) — setting — R — each of each 
type _ jt is each ra dical of the alkyl group of a hydrogen atom, the shape of a straight chain of 
carbon numbers 1-12, and the letter of branching, an aryl group, an aralkyl radical, and an alkyl 
halide radical independently. In these, a hydrogen atom and the alkyl group of a straight chain are 
desirable and a hydrogen atom and especially a methyl group are desirable, n is 2 when m is 0, 
and m is the integer of 0-2 and it is 1 except it. It means that a bridging with a methylene chain 
does not exist in m= 0. 

[0024] As the alkyl group of the shape of a straight chain of carbon numbers 1-12, and the letter 
of branching, an aryl group, and an aralkyl radical, a methyl group, an ethyl group, an isopropyl 
group, a phenyl group, benzyl, etc. are mentioned. _ 
[0025] As an alkyl halide radical, a fluoro alkyl group, a chloro alkyl group, a BUROMO alkyl 
group, etc. are mentioned. Each [ these ] alkyl group is the shape of a straight chain, and a letter 
of branching, and the number of each halogen atoms should just be one or more. 
[0026] As a compound expressed with a general formula (1), a 2-oxaspiro [3.5] nona-6-en, A 9 
methyl-2-oxaspiro [3.5] nona-6-en, 2 - OKISA-9-phenyl SUPIRO [3.5] nona-6-en, a 9- 
trifluoromethyl-2-oxaspiro [3.5] nona-6-en and spiro — [the bicyclo [2.2.1] hepta— 5-en -2, 3- 
oxetane] and spiro — [the 3-methyl bicyclo [2.2.1] hepta— 5-en -2, 3-oxetane], etc. are 
mentioned. In these, a 2-oxaspiro [3.5] nona-6-en and a 9-methyl-2-oxaspiro [3.5] nona-6-en 
are desirable. 

[0027] These compounds have the OKISETANIRU radical and the carbon carbon double bond, 
were excellent not only in cationic polymerization nature but radical polymerization nature, and 
are contributed to improvement in a cure rate. Moreover, since it has alicycle structure, the 
hardened material of the constituent of this invention is excellent also in thermal resistance. 
Furthermore, since many of compounds shown by the general formula (1) are liquids in ordinary 
temperature, it becomes possible [ lowering the viscosity of the constituent of this invention ], 
and may raise coating nature. 

[0028] As a compound expressed with a general formula (2), 2-oxaspiro L3.5J nonane, A 7 
methyl-2-oxaspiro [3.5] nonane, a 5-methyl-2-oxaspiro [3.5] nonane, A 2-OKISA-5-phenyl 
SUPIRO [3.5] nonane, a 5-trifluoromethyl-2-oxaspiro [3.5] nonane, spiro — [adamantane -2, 3 
oxetane], and spiro — [the bicyclo [2.2.1] heptane -2 and 3-oxetane] — spiro — [— bicyclo 
one _ [_ 2.2.2 — ] — an octane - two — three — ' - oxetane — ] — spiro — [— seven 
OKISA — bicyclo one — [— 2.2.1 — ] — a heptane - two — three — ' - oxetane — ] — spiro 
- [— three - methyl — bicyclo one — [— 2.2.1 — ] — a heptane - two — three — ' - oxetane 
_] _ etc _ mentioning — having . In these, 2-oxaspiro [3.5] nonane and a 5~methyl-2 
oxaspiro [3.5] nonane are desirable. 
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[0029] These compounds are excellent in cationic polymerization nature, and have the 
effectiveness of the improvement in a cure rate of a constituent. Moreover, the alicycle 
structure gives thermal resistance to the hardened material of the constituent of this invention. 
Furthermore, since many of compounds shown by the general formula (2) are liquids in ordinary 
temperature, it becomes possible [ lowering the viscosity of the constituent of this invention ], 
and may raise coating nature. 

[0030] As a compound expressed with a general formula (3), 7, a 8-epoxy-5-methyl-oxaspiro 
[3.5] nonane, 7, a 8-epoxy-5-ethyl-2-oxaspiro [3.5] nonane, 7, a 8-epoxy-2-OKlSA-5-phenyl 
SUPIRO [3.5] nonane, 7, 8 oxaspiro [ - epoxy-5-truffe RIORO methyl-2-] [3.5] nonane, six — 
seven - epoxy - two - oxaspiro — [— 3.5 — ] — a nonane — spiro — [— five six - epoxy - 

- norbornane - two — three — ' ~ oxetane — ] — spiro — [— five — six - epoxy - three - 
methyl — norbornane - two — three — ' - oxetane — ] — etc. — it is . In these, a 7 and 8- 
epoxy-5-methyl-2-oxaspiro [3.5] nonane, 6, and 7-epoxy-2-oxaspiro [3.5] nonane is desirable. 
[0031] These compounds had the OKISETANIRU radical and the epoxy group simultaneously, 
were excellent in cationic polymerization nature, and are contributed to improvement in the cure 
rate of a constituent Moreover, it has alicycle structure and the thermal resistance of a 
hardened material is raised. 

[0032] Compounds (a) including the alicyclic compound which has an OKISETANIRU radical more 
than a piece in the intramolecular expressed with a general formula (1), (2), and (3) are 
independent, or can be used as two or more sorts of mixture, the loadings (when using two or 
more sorts together, they are those total quantities) of these compounds (a) — the inside of the 
constituent for optical waveguide resin of this invention — desirable — 1-90 mass % it is 10 

- 60 mass % still more preferably. 

[0033] As a compound (b) which has an epoxy group more than a piece in the intramolecular of 
this invention, and does not have an OKISETANIRU radical, the epoxy compound of well-known 
common use can be used. This epoxy compound will not be limited, especially if it has an epoxy 
group more than a piece in 1 molecule and does not have an OKISETANIRU radical. 
[0034] Specifically Bisphenol A diglycidyl ether, bisphenol F diglycidyl ether, Bisphenol S 
diglycidyl ether, bromination bisphenol A diglycidyl ether, Bromination bisphenol F diglycidyl 
ether, bromination bisphenol S diglycidyl ether, a novolak mold epoxy resin (for example, a phenol 
novolak mold epoxy resin — ) A cresol novolak mold epoxy resin, a bromination phenol novolak 
mold epoxy resin, Hydrogenation bisphenol A diglycidyl ether, hydrogenation bisphenol F 
diglycidyl ether, hydrogenation bisphenol S diglycidyl ether, triglycidyl isocyanurate, etc. can be 
used. 

[0035] Moreover, it is methyl (3, 4-epoxycyclohexyl) as an aliphatic series epoxy compound. - o , 
4 -epoxycyclohexyl carboxylate, 2-(3, 4-epoxycyclohexyl -5, 5-spiro -3, 4-epoxy) cyclohexane- 
meta-dioxane, A bis(3, 4-epoxycyclohexyl methyl) horse mackerel peat, vinyl cyclohexene oxide, 
4-vinyl epoxy cyclohexane, a bis(3, 4-epoxy-6-methylcyclohexyl methyl) horse mackerel peat, 3, 
4-epoxy-6-methylcyclohexyl - 3\ 4 - epoxy -6 f -methylcyclohexane carboxylate, Methylenebis 
(3, 4-epoxy cyclohexane), dicyclopentadiene diepoxide, Limonene diepoxide, the JI (3, 4- 
epoxycyclohexyl methyl) ether of ethylene glycol, and an ethylene screw (3, 4-epoxy 
cyclohexane carboxylate) are mentioned. 

[0036] Furthermore, epoxy hexahydrophthalic acid dioctyl, epoxy hexahydrophthalic acid G 2- 
ethylhexyl, 1,4-butanediol diglycidyl ether, 1, 6-hexanediol diglycidyl ether, Glycerol triglycidyl 
ether, trimethylolpropane triglycidyl ether, Polyethylene glycol diglycidyl ether, polypropylene 
glycol diglycidyl ether, Ethylene glycol, propylene glycol, By adding one sort or two sorts or more 
of alkylene oxide to aliphatic series polyhydric alcohol, such as a glycerol The monoglycidyl ether 
of the diglycidyl ether; aliphatic series higher alcohol of the Pori glycidylethers; aliphatic series 
long-chain dibasic acid of the polyether polyol obtained; Butyl glycidyl ether, Phenyl glycidyl 
ether, KUREZORU glycidyl ether, nonylphenyl glycidyl ether, Glycidyl methacrylate; A phenol, 
cresol, Glycidyl ester; epoxidized soybean oil of a monoglycidyl ether; higher fatty acid of the 
polyether alcohol which adds alkylene oxide to butylphenol or these, and is obtained; Epoxy butyl 
stearate, Epoxy stearin acid octyl, the epoxidation linseed oil, epoxidation polybutadiene, etc. can 
be mentioned. 
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[0037] In order to adjust the refractive index of the optical waveguide of this invention 
furthermore, the fluorination epoxy compound which has a fluorine atom can be used. A 
fluorination epoxy compound can be adjusted to a desired refractive index by having a small 
refractive index as compared with the hydrocarbon mold epoxy compound which has the same 
structure, and mixing to the resin constituent for optical waveguides. 

[0038] Although the example of the following compound is specifically indicated by "volume [ of 
application physics / 68th ] No. 1 (1999), and p.4-13", this invention is not limited to these. 
[Formula 7] 



-or-s <i 



[Formula 8] 



[Formula 9] 



[Formula 10] 



[Formula 1 1] 




OH 



o 



[0039] The compound (b) which has an epoxy group more than a piece in these intramoleculars, 
and does not have an OKISETANIRU radical is independent, or two or more sorts can use it, 
mixing. 

[0040] The sum total of a compound [ in / in the loadings (when using two or more sorts 
together, they are those total quantities) of a compound (b) / this invention ] (a): The 1 - 10,000 
mass section is desirable to the 100 mass sections, and especially the 10 - 1,000 mass section 
is desirable. 

[0041] The compound (c) which makes cationic polymerization start with the exposure and/or 
heating of an activity energy line as used in the field of this invention can change with the 
exposures of activity energy lines, such as heating and ultraviolet rays, and can be used as the 
compound which generates the matter which makes cationic polymerization, such as an acid, 
start. Therefore, a compound (c) is a kind of cationic initiator, and is also called the "acid 
generator" in this industry. Henceforth, in this invention, a compound (c) is also called an acid 
type-of-seasonal-prevalence cationic initiator. 

[0042] By the optical exposure of heating or ultraviolet rays, an acid type-of-seasonal- 
prevalence cationic initiator promotes the cationic polymerization of the compound (a) of this 
invention, a compound (b), and other cationic polymerization nature matter (compound containing 
an OKISETANIRU radical etc.), and advances smoothly hardening of the constituent for optical 
waveguide resin of this invention. 

[0043] Moreover, the acid type-of-seasonal-prevalence cationic initiator as used in the field of 
this invention changes with the exposures of activity energy lines, such as heating and ultraviolet 
rays, it is the compound which generates the matter which makes cationic polymerization, such 
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as an acid, start, and the compound which has taken the form of an acid from the beginning like 
a carboxylic acid is not contained. ...... 

[0044] Sulfonium salt well-known as an acid type-of-seasonal-prevalence cationic initiator, 
iodonium salt, phosphonium salt, diazonium salt, ammonium salt, and ferrocenes are mentioned. 
Although illustrated concretely below, it is not limited to these compounds. 

[0045] As an acid type-of-seasonal-prevalence cationic initiator of a sulfonium salt system Bis 
[4-(diphenyl SURUHONIO) phenyl] sulfide Screw hexafluorophosphate, Bis[4-(diphenyl 
SURUHONIO) phenyl] sulfide Screw hexafluoroantimonate. Screw [4-(diphenyl SURUHONIO) 
phenyl] sulfide screw tetrafluoroborate, Bis[4-(diphenyl SURUHONIO) phenyl] sulfide Tetrakis 
(pentafluorophenyl) borate, Diphenyl-4-(phenylthio) phenyl sulfonium Hexafluorophosphate, 
Diphenyl-4-(phenylthio) phenyl sulfonium Hexafluoroantimonate, Diphenyl-4-(phenylthio) phenyl 
sulfonium tetrafluoroborate, Diphenyl-4-(phenylthio) phenyl sulfonium Tetrakis 
(pentafluorophenyl) borate, Triphenylsulfonium hexafluorophosphate, triphenylsulfonium 
hexafluoroantimonate, Triphenylsulfonium tetrafluoroborate, triphenylsulfonium tetrakis 
(pentafluorophenyl) borate, Bis[4-(JI (4- (2-hydroxy ethoxy)) phenyl SURUHONIO) phenyl] 
sulfide Screw hexafluorophosphate, Bis[4-(JI (4- (2-hydroxy ethoxy)) phenyl SURUHONIO) 
phenyl] sulfide Screw hexafluoroantimonate, Bis[4-(JI (4- (2-hydroxy ethoxy)) phenyl 
SURUHONIO) phenyl] sulfide Screw tetrafluoroborate, Screw [4-(JI (4- (2-hydroxy ethoxy)) 
phenyl SURUHONIO) phenyl] sulfide tetrakis (pentafluorophenyl) borate etc. is mentioned. 
[0046] As an acid type-of-seasonal-prevalence cationic initiator of an iodonium salt system 
Diphenyliodonium Hexafluorophosphate, diphenyliodonium Hexafluoroantimonate, 
Diphenyliodonium Tetrafluoroborate, diphenyliodonium Tetrakis (pentafluorophenyl) borate. Bis 
(dodecyl phenyl) iodonium Hexafluorophosphate, Bis(dodecyl phenyl) iodonium 
Hexafluoroantimonate, Bis(dodecyl phenyl) iodonium Tetrafluoroborate, Bis(dodecyl phenyl) 
iodonium Tetrakis (pentafluorophenyl) borate, 4-methylphenyl-4-(1-methylethyl) phenyliodonium 
Hexafluorophosphate, 4-methylphenyl-4-(1-methylethyl) phenyliodonium Hexafluoroantimonate, 
4-methylphenyl-4-(1-methylethyl) phenyliodonium tetrafluoroborate, 4-methylphenyl-4-(1 
methylethyl) phenyliodonium Tetrakis (pentafluorophenyl) borate etc. is mentioned. 
[0047] As an acid type-ol^seasonal-prevalence cationic initiator of a phosphonium salt system, 
ethyltriphenylphosphonium tetrafluoroborate, ethyltriphenylphosphonium hexafluorophosphate, 
ethyltriphenylphosphonium hexafluoroantimonate, tetrabuthyl phosphonium tetrafluoroborate, 
tetrabuthyl phosphonium hexafluorophosphate, tetrabuthyl phosphonium hexafluoroantimonate. 
etc. are mentioned. 

[0048] As an acid type-o^seasonal-prevalence cationic initiator of a diazonium salt system, it is 
phenyl diazonium. Hexafluorophosphate, phenyl diazonium Hexafluoroantimonate, phenyl 
diazonium Tetrafluoroborate, phenyl diazonium Tetrakis (pentafluorophenyl) borate etc. is 

mentioned. . 
[0049] As an acid type-o^seasonal-prevalence cationic initiator of an ammonium salt system 1 
benzyl-2-cyano pyridinium Hexafluorophosphate, 1 -benzyl-2-cyano pyridinium 
Hexafluoroantimonate, 1 -benzyl-2-cyano pyridinium Tetrafluoroborate, 1 -benzyl-2-cyano 
pyridinium tetrakis (pentafluorophenyl) borate, 1-(naphthyl methyl)-2-cyano pyridinium 
Hexafluorophosphate, 1-(naphthyl methyl)-2-cyano pyridinium Hexafluoroantimonate, 1 
(naphthyl methyl)-2-cyano pyridinium Tetrafluoroborate, 1-(naphthyl methyl)-2-cyano pyridinium 
Tetrakis (pentafluorophenyl) borate etc. is mentioned. 

[0050] As an acid type-of-seasonal-prevalence cationic initiator of a ferrocene system Ld 
methylethyl) benzene]-Fe (II) hexafluorophosphate, (2, 4-cyclopentadiene-1-IRU) [(1- 
methylethyl) benzene]-Fe (II) hexafluoroantimonate, (2, 4-cyclopentadiene-1-IRU) 2, 4- 
cyclopentadiene-1-IRU [(1 -methylethyl) benzene]-Fe (II) tetrafluoroborate, 2, 4- 
cyclopentadiene-1-IRU [(1 -methylethyl) benzene]-Fe(II) tetrakis (pentafluorophenyl) borate, etc. 
are mentioned. 

[0051] In these acid type-of-seasonal-prevalence cationic initiators, the initiator of sulfonium 
salt and an iodonium salt system is desirable from the field of a cure rate, stability, and 
economical efficiency. As a commercial item SAN-AID SI[ by the CI-2639; 3 Japanese 
Federation of Chemical Industry Workers* Unions industrial company ]-60; SP[ by Asahi Denka 
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Kogyo K K ]- 150, SP-170, CP-66, CP-77; Union Carbide CYRACURE-UVI -6990, and UVI- 
6974- Nippon Soda Co., Ltd. make — CI-2855 — "The IRUGA cure 261" (Ciba Specialty 
Chemicals [(1-methylethyl) benzene] (2, 4-cyclopentadiene-1-IRU)-Fe (II) hexafluorophosphate), 
"Load sill (RHODORSIL) 2074"; (Rhone-Poulenc shrine 4-methylphenyl-4-(1-methylethyl) 
phenyliodonium tetrakis (pentafluorophenyl) borate) etc. is mentioned. 

[0052] These acids type-of-seasonal-prevalence cationic initiator can be chosen from the 
ingredients mentioned above, can also be used independently, and can also be used combining 
two or more kinds, although especially the range where the amount of the acid type-of- 
seasonal-prevalence cationic initiator used is suitable does not have a limit — the loadings (total 
quantity which united them when compound in which other below-mentioned cationic 
polymerization is possible was used together) 100 mass section of the sum total of a compound 

(a) and a compound (b) — receiving — 0.05 - 25 mass section — it is 1 - 20 mass section 
preferably. If there are few additions than the 0.05 mass section, in order to become a defect of 
sense and to fully harden, high temperature processing of remarkable optical big exposure energy 
or long duration is required. Moreover, even if it adds exceeding 25 mass sections, improvement 
in sensibility is not carried out and is not economically desirable. Conversely, there is a 
possibility that the amount which remains as a non-hardened component may increase and the 
physical properties of a hardened material may fall into a constituent. 

[0053] The cationic polymerization nature monomer shown below in this invention can also be 
added to the constituent for optical waveguide resin of this invention in the range which does 
not affect hardenability and hardened material physical properties. This cationic polymerization 
nature monomer is classified into the compound which is a compound which causes a 
polymerization initiation reaction and crosslinking reaction with the acid which the acid type-of- 
seasonal-prevalence cationic initiator generated, and is except a compound (a) and a compound 

(b) . For example, trimethylene oxide, 3, and 3-dimethyl oxetane, 3, and 3-dichloro methyl 
oxetane 3-ethyl-3-phenoxymethyl oxetane, 3-ethyl-3-hydroxymethyloxetane (Toagosei make; 
trade name EOXA), Bis[(3-ethyl-3-OKISETA nil methoxy) methyl] benzene (alias name xylylene 
JIOKI cetane; Toagosei; trade name XDO), Tori [(3-ethyl-3-OKISETA nil methoxy) methyl] 
benzene. The bis[(3-ethyl-3-OKISETA nil methoxy) methylphenyl] ether, 3-ethyl-3-[(oxy- 
RANIRU methoxy) methyl] oxetane, The oxetane compound to which the OKISETANIRU radical 
is attached in addition to alicyclic compounds, such as oligo dimethylsiloxane; A tetrahydrofuran, 
(3-ethyl-3-OKISETA nil methoxy) Oxo-run compounds, such as 2 and 3-dimethyl 
tetrahydrofuran; A trioxane, Annular acetal compounds, such as 1, 3-dioxolane, 1 and 3, and 6- 
trioxane cyclooctane; Beta propiolactone, Annular lactone compounds, such as epsilon- 
caprolactone; An ethylene sulfide, Thiethane compounds, such as thiirane compound^, such as 
1, 2-propylene sulfide, and thio epichlorohydrin, and 3-dimethyl thiethane; The ethylene glycol 
divinyl ether The SUPIRO orthochromatic ester compound which is a resultant of a vinyl ether 
compound; e'poxy compound and lactone, such as the TORIECHIRENGURI COL divinyl ether and 
the trimethylol propane TORIBI nil ether; A vinyl cyclohexane. Ethylene nature unsaturated 
compound; cyclic ether compound; annular thioether compounds, such as an isobutylene and 
polybutadiene; a vinyl compound etc. can be mentioned. 

[0054] These cationic polymerization nature monomers can also add one sort independently, or 
can also add it combining two or more sorts, the loadings (when using two or more sorts 
together, they are those total quantities) of these cationic polymerization nature monomer 
sum total [ of the compound (a) of this invention ]: — the 100 mass sections — receiving — the 
1 - 10,000 mass section — it is the 10 - 1,000 mass section preferably. Since hardenability will 
fall and energy required for hardening will increase if the compound with which only one has a 
cationic polymerization nature machine is added more than the 200 mass sections to the sum 
totaMOO mass section of a compound (a) among the above-mentioned cationic polymerization 
nature monomers to intramolecular, it is not desirable. 

[0055] In order to raise optical (activity energy line) hardenability to the constituent for optical 
waveguide resin of this invention, it is the range which does not check the purpose of this 
invention, and it is also possible to add a radical polymerization nature compound (d). As a 
compound (d), although there is especially no limitation, it can use the radical polymerization 
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nature monomer of well-known common use of an acrylic ester (meta) system. Specifically 
Methyl (meta) acrylate, ethyl (meta) acrylate, n-propyl (meta) acrylate, n-butyl (meta) acrylate, 
2-ethylhexyl (meta) acrylate, lauryl (meta) acrylate, Cyclohexyl (meta) acrylate, phenoxy ethyl 
(meta) acrylate, 2-ethoxyethyl (meta) acrylate, glycidyl (meta) acrylate, 2-hydroxyethyl (meta) 
acrylate, benzyl (meta) acrylate, Monofunctional (meta) acrylate compounds, such as ethylene 
glycol monochrome (meta) acrylate; Ethylene GURIKORUJI (meta) acrylate, Polyethylene 
GURIKORUJI (meta) acrylate, TORIMECHI roll pro pantry (meta) acrylate, Pentaerythritol 
tetrapod (meta) acrylate, dipentaerythritol PENTA (meta) acrylate, polyfunctional epoxy (meta) 
acrylate resin, polyfunctional urethane (meta) acrylate resin, etc. can be mentioned. 
[0056] Moreover, it is the purpose which adjusts the refractive index of the optical waveguide of 
this invention, and it is also possible to use the acrylate monomer which has a fluorine atom 
(meta) as a compound (d). Specifically, 2, 2, and 2-trifluoroethyl (meta) acrylate, 2, 2 and 3, 3- 
tetrafluoro propyl (meta) acrylate, pentafluoro propyl (meta) acrylate, hexafluoro isopropyl (meta) 
acrylate, octafluoropentyl (meta) acrylate, etc. can be mentioned. 

[0057] the total 100 mass section of the cationic polymerization nature compound the compound 
(a) of this invention, a compound (b), a compound (c), and ****s other than these — receiving - 
- the 5 - 200 mass section — it is the 10 - 100 mass section preferably. [ the addition of a 
compound (d) ] If an addition exceeds the 200 mass sections, set-to-touch nature will worsen. 
Moreover, since the rate of bridge formation of an acrylic (meta) radical increases in hardening, 
the thermal resistance of the obtained hardened material and chemical resistance fall. 
[0058] In order to promote smoothly the radical polymerization of the above-mentioned radical 
polymerization nature compound (d), the thing of the well-known common use which it is 
desirable adding an optical radical initiator (e), it induces light, and generates a radical can be 
used. "Light" means radiations, such as a visible ray, ultraviolet rays, far ultraviolet rays, an X- 
ray, and an electron ray, here. As an optical radical initiator (e), for example A benzoin, benzoin 
ethyl ether, Benzoin iso-propyl ether, benzoin-n-butyl ether, Benzoin isobutyl ether, an 
acetophenone, a dimethylamino acetophenone, A 2 and 2-dimethoxy-2-phenyl acetophenone, 2, 
and 2-diethoxy-2-phenyl acetophenone, 2-hydroxy - 2-methyl-1 -phenyl propane-1-ON, 1- 
hydroxy cyclohexyl phenyl ketone, 2-methyl - 1-[4-(methylthio) phenyl]-2-morpholino propane- 
1-ON (the product made from tiba speciality KEMIKARUZU; IRUGA cure 907), A 4-(2-hydroxy 
ethoxy) phenyl-2-(hydroxy-2-propyl) ketone, A benzophenone, p-phenylbenzo phenon, 4, and 4 - 
diethylamino benzophenone, A dichloro benzophenone, 2-methyl anthraquinone, 2-t-butyl 
anthraquinone, 2-aminoanthraquinone, 2-methylthio xanthone, 2-ethyl thioxan ton, 2-chloro 
thioxan ton, 2, 4-diethyl thioxan ton, benzyl dimethyl ketal, p-dimethylamine benzoate, 2 and 4, 
6-trimethyl benzoyl diphenyl phosphine oxide (BASF A.G. make; RUSHIRIN TPO), Screw (2, 6- 
dimethoxybenzoyl) - 2, 4, and 4-TORIMECHIRU-pentyl phosphine oxide content initiator (the 
product made from tiba speciality KEMIKARUZU; IRUGA cures 1700, 149, and 1800), Bis(2, 4, 6- 
trimethyl benzoyl)-phenyl phosphine oxide (the product made from tiba speciality KEMIKARUZU; 
IRUGA cure 819) etc. is mentioned. These can be used as one sort or two sorts or more of 
mixture. 

[0059] 0.007-0.5 mols can be used for the amount of the optical radical initiator (e) used to 1Eq 
of radical polymerization nature functional groups, such as an acrylic (meta) radical of the radical 
polymerization nature compound in a constituent (d). 

[0060] An ion trap agent can be included in the constituent for optical waveguide resin of this 
invention if needed. An ion trap agent can be changed to the matter which reacts with the 
impurity which consists of an anion or a cation, and is defanged. 

[0061] The constituent for optical waveguide resin of this invention may contain aliphatic series 
polyol further. This aliphatic series polyol gives flexibility to the optical waveguide resin of this 
invention, or gives effectiveness, such as raising the integration of a reaction in room 
temperature aging after a hardening reaction. As aliphatic series polyol, a glycerol besides 
alkylene glycol (Pori), such as ethylene glycol, propylene glycol, a polyethylene glycol, a 
polypropylene glycol, and a butylene glycol, polyglycerin, pentaerythritol, the poly caprolactone 
polyol, etc. are mentioned, for example, the loadings — per total 100 mass section of component 
[ in the constituent for optical waveguide resin of this invention ] (a) - (e), and other cationic 
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polymerization nature monomer components, and 5-50 mass section — you may be 10 30 
mass section extent preferably. 

[0062] A sensitizer can also be used in order to raise a rate of polymerization, in case 
polymerization hardening of the constituent for optical waveguide resin of this invention is 
carried out by the ultraviolet rays which are one of the activity energy lines. As a sensitizer used 
for such the purpose, a pyrene, perylene, 2, 4-diethyl thioxan ton, 2, 4-dimethyl thioxan ton, 2, 
4-dichloro thioxan ton, phenothiazin, etc. are mentioned. The amount of [ in the case used of 
using a sensitizer together ] has the desirable range of the 0.1-100 mass section to the photo- 
oxide type-of-seasonal-prevalence cationic initiator 100 mass section. 

[0063] furthermore, the additives of well-known common use like stress relaxation agents, such 
as flame retarders, such as a nitrogen-containing compound, silicone oil, and silicone rubber 
powder, including adhesion grant agents by the Shin-etsu silicone company, such as defoaming 
agent; leveling agent; imidazole systems, such as a silicone system, a fluorine system, and a 
giant-molecule system, a thiazole system, a triazole system, and a silane coupling agent, for 
example, a silane coupling agent, KBM303 and KBM403, a KBM402; antimony trioxide, phosphoric 
ester, red phosphorus, and melamine resin can be used if needed. 

[0064] The constituent for optical waveguide resin of this invention can be obtained by mixing 
constituents, such as a compound (a) described so far, a compound (b), and a compound (c), with 
the mixed equipment of well-known common use of the agitator by the wing, a stirring kneading 
machine, a paint shaker, a kneader, 3 roll mills, etc. Although there will be especially no limitation 
if mixed equipment is equipment which can mix each constituent to homogeneity, it is necessary 
to select in consideration of the viscosity of a constituent etc. 

[0065] The polymerization (hardening) of the constituent for optical waveguide resin in this 
invention can be carried out with an exposure and/or heating of an activity energy line. An 
activity energy line here shows ultraviolet rays, an X-ray, an electron ray, a gamma ray, etc. As 
the light source in the case of irradiating ultraviolet rays, a metal halide lamp, a mercury arc 
lamp, a xenon arc lamp, a fluorescent lamp, a carbon arc lamp, a tungsten-halogen copy lamp, 
sunlight, etc. can be mentioned. 

[0066] the case where the constituent for optical waveguide resin of this invention is stiffened 
with heating — heating conditions — desirable — about 50-250 degrees C — more — desirable 
— about 75-200 degrees C — setting — about 0.2 - 60 minutes — desirable — about 0.5- it is 
more preferably good as conditions for about 1-10 minutes for 20 minutes. 

[0067] As for the refractive index of the optical waveguide of this invention, it is desirable that it 
is 1.40-1.70 to the D line of the sodium in 25 degrees C, and the core section or the clad section 
of optical waveguide is formed in this range. Therefore, it is desirable for the refractive indexes 
of the constituent for optical waveguide resin to be also 1.40-1.70. The core section and the 
clad section which constitute optical waveguide can form the optical waveguide which the 
refractive-index difference of the core section and the clad section excelled in the optical 
propagation property about by 1.5 in the case of the single mode when the refractive index was 
about [ 0.01 to 0.1 or more ] in the case of about [ 0.001 or more ] and a multimode. 
[0068] Generally, the constituents for optical waveguide resin are mixture, such as an oxetane 
compound and an epoxy compound, as described until now. As for these oxetane compound and 
an epoxy compound, it is possible for a refractive index to control the refractive index of optical 
waveguide resin to arbitration by changing to be 1.40 to about 1.70 and to choose these 
compounds appropriately and a compounding ratio. 

[0069] Next, an example of the manufacture approach of optical waveguide using the constituent 
for optical waveguide resin is explained with reference to drawing 1 . 

[0070] First, as shown in drawing 1 (A), on the substrate 10 which consists of silicon, it applies 
so that the thickness after hardening the constituent for the optical waveguide clad sections 
may be set to about 30 micrometers, and constituent layer 1 1a for the clad sections is formed. 
[0071] Next, as shown in drawing 1 (B), the constituent for the optical waveguide clad sections is 
stiffened to constituent layer 11a for the clad sections using an extra-high pressure mercury 
lamp by irradiating ultraviolet rays for 60 seconds with the output of 25 mW/cm2 on the whole 
surface. Thereby, as shown in drawing 1 (C), the clad section 1 1 of optical waveguide is formed. 
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In addition, if constituent layer 11a is stiffened completely, a refractive index will become large 
about 0.025, for example. When hardening the clad section, the approach by photo-curing is 
possible, and heat curing which used the heat cation curing agent in complete hardening is also 
possible. 

[0072] Next, as shown in drawing 1 (D), on the clad section 11, it applies so that the thickness 
after hardening the constituent for the optical waveguide core sections may be set to about 30 
micrometers, and constituent layer 12a is formed. 

[0073] Furthermore, ultraviolet rays are irradiated to constituent layer 12a through the photo 
mask 21 which has stripe-like opening. Alignment is carried out, a photo mask 21 is specifically 
arranged so that constituent layer 1 2a for the core sections may not be contacted on 
constituent layer 12a for the core sections, and ultraviolet rays are irradiated towards 
constituent layer 12a from a photo-mask 21 side. The exposure of ultraviolet rays is performed 
for 5 - 1 20 seconds with the output of 20 - 200 mW/cm2 using an extra-high pressure mercury 
lamp. Thereby, as shown in drawing 1 (E), in the part 12a1 corresponding to opening of the photo 
mask 21 of constituent layer 12a for the core sections, the constituent for the optical waveguide 
core sections hardens. 

[0074] As mentioned above, it is necessary to arrange a photo mask 21, in order for constituent 
layer 12a for the core sections and a photo mask 21 to paste up, if ultraviolet rays are irradiated 
after non-hardened constituent layer 12a for the core sections and a photo mask 21 have stuck 
here so that constituent layer 1 2a for the core sections may not be contacted. There are a pro 
squeak tee exposing method exposed by preparing the gap of about 100 micrometers between a 
mask and the exposed body as such an approach, the projection exposing method which is made 
to estrange a mask and the exposed body and is exposed by carrying out image formation 
optically. 

[0075] After irradiating ultraviolet rays and predetermined time amount passes, ultraviolet rays 
are not irradiated with a photo mask 21, but dissolution removal of the part 12a2 in the condition 
of not hardening is carried out with developers, such as an acetone. Since the crosslinking 
density of the part 12a1 which the clad section 11 and core section constituent layer 12a 
hardened is high at this time, there is little possibility that these fields will dissolve. 
[0076] Next, hardened material layer 12a is washed using isopropyl alcohol as a rinse, and the 
acetone which permeates the interior of hardened material layer 12a, and is made to swell 
hardened material layer 1 2a is removed. Thereby, as shown in drawing 1 (F), a flat-surface 
configuration is beltlike and the core section 1 2 of two or more optical waveguides whose 
refractive indexes are about 1.56 is formed. 

[0077] Finally, as shown in drawing 1 (G), using the ingredient same on the exposure of the clad 
section 11, and the core section 12 as the clad section 11, by the same approach as the clad 
section 11, the clad section 13 is formed and the optical waveguide of the embedding mold which 
consists of the core section 12 and the clad sections 11 and 13 is completed. 
[0078] Thus, in the manufactured optical waveguide, if a lightwave signal carries out incidence to 
an end side, this lightwave signal will spread the interior and it will carry out outgoing radiation 
from an other end side. 

[0079] As for the developer used in the manufacture approach of the optical waveguide in this 
invention, it is desirable that the effect which is excellent in the solubility over the part in the 
condition of not hardening, i.e., the solubility over the constituent for optical waveguide resin, and 
it has on the hardened part uses few solvents. As such a solvent, ethyl acetate, butyl acetate, 
gamma-butyrolactone, Ester, such as ethylene glycol monoethyl ether acetate and propylene- 
glycol-monomethyl-ether acetate; Ethylene glycol monoethyl ether, Diethylene glycol monoethyl 
ether, propylene glycol monomethyl ether, Ether alcohol, such as dipropylene glycol monomethyl 
ether, An acetone, The ether, such as ketone; dioxanes, such as a methyl ethyl ketone and 
methyl isobutyl ketone, and a tetrahydrofuran; aromatic hydrocarbon, such as benzene, toluene, 
and a xylene, etc. is mentioned. These may be used by one sort, and may mix and use two or 
more sorts. Moreover, the solvent with low solubility of the constituent for optical waveguide 
resin, for example, water, alcohol, etc., may be added to these solvents, and the bloating 
tendency of a hardened material may be adjusted to them. Among these solvents, since toxicity 
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is low and the boiling point is also low, the acetone also has the advantage of being easy to deal 
with it generally, and is desirable. 

[0080] Since the hardened core section is hardly invaded but it is easy to dissolve it with a 
developer, while using isopropyl alcohol as a rinse used in the manufacture approach of the 
optical waveguide in this invention can remove a part for a non-hard spot completely, it is 
because it can finish without leaving the hardened core part in a nearly perfect form, and leaving 
dust to a substrate top face. 

[0081] As a rinse used for such the purpose, although it changes also with classes of developer, 
lower alcohol, such as a methanol, ethanol, isopropyl alcohol, and a butanol, is desirable. 
Furthermore, it is isopropyl alcohol preferably. 
[0082] 

[Example] Although an example is given and this invention is hereafter explained further to a 
detail, this invention is not limited to these examples at all. In addition, the "section" in an 
example and the example of a comparison is the mass section as long as there is no notice 
especially. 

[0083] In addition, among the ingredients used in the example and the example of a comparison, 
the commercial item was as follows, and it was used as it was, without refining. 
POX: The Toagosei make, 3-ethyKJ-phenoxy methyl oxetane XDO : The Toagosei make, 1 and 
4-bis[(3-ethyl-3-OKISETA nil methoxy) methyl] benzene 3000 : The Daicel Chemical Industries, 
Ltd. make (trade name SEROKI side 3000), Limonene dioxide 2110 : The Asahi Denka Kogyo 
make (trade name KRM-2110), 2 organic-functions cycloaliphatic epoxy resin 828 : Oil-ized shell 
epoxy company make (trade name Epicoat 828), Bisphenol A mold epoxy resin M-309:Toagosei 
make and trimethylolpropane triacrylate 3000A : Epoxy ester by Kyoeisha chemistry company 
3000A, Bisphenol A diglycidyl-ether acrylic-acid addition-product SI-60L 3 Japanese Federation 
of Chemical Industry Workers' Unions industrial company make (trade name SAN-AID SI-60L), a 
heat cationic initiator (sulfonium salt) 

6990: Made in Union Carbide (trade name UVI-6990), the optical cationic initiator 907 : the Ciba 
Specialty Chemicals make (trade name IRUGA cure 907), a photopolymerization initiator [0084] 
That to which the artificer did chemosynthesis of the compound which is not marketed was 
used. That is, about the 7 and 8-epoxy-5-methyl-2-oxaspiro [3.5] nonane and 6, and 7-epoxy- 
2-pxaspiro [3.5] nonane, this invention person compounded the approach given in a U.S. Pat No. 
3388105 number to reference. In detail, the 7 and 8-epoxy-5-methyl-2-oxaspiro [3.5] nonane 
was compounded as follows. 

[0085] 2-methyl-4-cyclohexene-1-carboaldehyde 327g which is the Diels-Alder resultant of a 
butadiene and a crotonaldehyde, methanol 600ml, and 729g of 37% of formalin water are fed into 
a Composition of 6-methyl-3-cyclohexene -1 and 1-dimethanol> 3 opening flask, and the 
temperature up was carried out to 60 degrees C, stirring this solution. Then, the solution which 
dissolved KOH252g in 600ml of distilled water was dropped over 2 hours. After continuing stirring 
for 7 hours, vacuum concentration of the reaction solution was carried out, and the residue of a 
bilayer was obtained. 300ml distilled water washed the oil reservoir condensed by about 150ml. 
After carrying out vacuum concentration of the oil reservoir, 50mg (BHT) of 3 and 5-JI (t- 
butyl)-4-hydroxytoluene was added, vacuum distillation was performed, and 6-methyl-3- 
cyclohexene -1 and 1-dimethanol 31 1 g (82% of yield) which is a colorless crystal was obtained. 
[0086] 6-methyl-3-cyclohexene -1 and 1-dimethanol 31 Og (1.99 mol), dimethyl carbonate (DMC) 
894g, and 0.93g of potassium carbonate were taught to the Composition of 6~methyl-3- 
cyclohexene -1 and 1-dimethanol annular carbonate> 3 opening flask, the temperature up was 
carried out to 90 degrees C, and it was made to flow back for 4 hours. The reaction solution was 
returned to the room temperature and potassium carbonate was carried out the ** exception. 
After adding 120mg of BHT(s), DMC and the methanol which remain were removed under 
reduced pressure of 2kPa(s) (15mmHg), vacuum distillation was performed continuously, and 
326g (89.4% of yield) of the 6-methyl-3-cyclohexenes -1 and 1-dimethanol annular carbonates 
which are an ordinary temperature colorlessness crystal were obtained. 

[0087] The 6-methyl-3-cyclohexene -1, 321.1 5g of 1-dimethanol annular carbonates, BHT642mg 
(0.2 mass %), and LiCI1.93g were taught to the <composition of 9-methyl-2-oxaspiro [3.5] nona- 
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6-en (CHEO)> 3 opening flask, and heating stirring was carried out at 275 degrees C using the 
mantle heater. Heating was continued for 4 hours until it stopped having extracted and distilled 
the product immediately the bottom of reduced pressure of about 8 kPa(s) (60mmHg), and out of 
the system. BHT600mg was added to the product, vacuum distillation was performed and 187g 
(71% of yield) of CHEO(s) which are a transparent and colorless liquid was obtained. 
[0088] Since <composition of 7 and 8-epoxy-5-methyl-2-oxaspiro [3.5] nonane (ECHO)> 
CHEO50g was dissolved in 150ml dichloromethane, it supplied to the reactor. The thing which 
made 400ml dichloromethane suspend 93.7g of m-chloro perbenzoic acids was dropped over 1 
hour so that a reaction solution might not exceed 40 degrees C. Depositing m-chloro benzoic 
acid was carried out the ** exception, and was often washed by cold dichloromethane. 15.0g of 
calcium hydroxides was thrown into the organic layer, the depositing crystal was carried out the 
** exception after 30-minute stirring, and it washed by cold dichloromethane. It condensed, after 
5% of NaHS04 water and saturation brine washed the organic layer, and 38.1 g (73.7% of yield) of 
ECHO(s) of a colorless semisolid configuration was obtained in ordinary temperature by vacuum 
distillation. 

[0089] The 6-ethyl-3-cyclohexene-1-carboaldehyde which is the Diels-Alder resultant of a 
butadiene and trans-2-pen TENARU was used instead of the Diels-Alder resultant of the 
butadiene and crotonaldehyde which were used by composition of the Composition of a 7 and 
8-epoxy-5-ethyl-2-oxaspiro [3.5] nonane (EECHO)> ECHO, and this invention person 
compounded with the procedure similar to the above. 

[0090] instead of [ of the Diels-Alder resultant of the butadiene and crotonaldehyde which were 
used by composition of the Composition of a 7 and 8-epoxy-5-trifluoromethyl-2-oxaspiro [3.5] 
nonane (EFCHO)> ECHO ] — a butadiene and trans- the Diels-Alder resultant with a 4, 4, and 
4-trifluoro-2-buthenal was used, and this invention person compounded with the procedure 
similar to the above. 

[0091] 5% palladium / activated carbon is made into a catalyst for the aforementioned 6-methyl 
3-cyclohexene -1 and 1-dimethanol in toluene at a Composition of 5-methyl-2-oxaspiro [3.5] 
nonane (CHO)> 1L3 opening flask. 2-methylcyclohexane [ which carried out hydrogenation / 
which was obtained with hydrogen gas ] -1, and 1-dimethanol 474g, 405g of dimethyl carbonate, 
and 1.4g of potassium carbonate were put in, and it reacted for 14 hours, distilling off the 
methanol which carries out heating stirring and which is generated at the temperature of 100 
degrees C among an oil bath out of a system by ordinary pressure. Finally the inside of a 
reaction container was made reduced pressure to 10mmHg(s), and the corresponding carbonate 
was obtained at 95% of yield. 

[0092] It reacted for 10 hours, having carried out heating stirring of the obtained annular 
carbonate at 250 degrees C as it was, and discharging the produced carbon dioxide gas out of a 
system from the upper part of a cooling system. Distillation purification of this reaction solution 
was carried out, and CHO230g was obtained. 

[0093] The 2-phenylcyclohexane -1 and 1-dimethanol which are obtained by carrying out 
hydrogenation of the Diels-Alder resultant of a butadiene and trans-cinnamaldehyde with 
hydrogen gas instead of the 2-methylcyclohexane -1 used by composition of Composition of 2- 
OKISA-5-phenyl SUPIRO [3.5] nonane (PCHO)> CHO and 1-dimethanol by making 5% 
palladium / activated carbon into a catalyst in toluene were used, and this invention person 
compounded with the same procedure as the above. 

[0094] Instead of the 6-methyl-3-cyclohexene -1 obtained from the Diels-Alder reactant of a 
butadiene and a crotonaldehyde used at the time of Composition of spiro [bicyclo [2.2.1] 
heptane -2 and 3-oxetane] (NRBO)> CHO composition, and 1-dimethanol 5% palladium / 
activated carbon is made into a catalyst for a cyclopentadiene, the bicyclo [2.2.1] hepta—5-en - 
1 which is the resultant of an acrolein, and 1-dimethanol in toluene. With hydrogen gas this 
invention person compounded with the same procedure as the above by completely performing 
the same reaction using the bicyclo [2.2.1] heptane -1 and 1-dimethanol which carried out 
hydrogenation. t 
[0095] <Composition (fluorination epoxy resin A) which is diglycidyl ether which is a bis(1, 1, 1.3, 
3, and 3-hexafluoro isopropyl) cyclohexane> [Formula 1 2] 
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Macromolecules It compounded according to 1996, 29, and 2006-2010. Obtained fluorination 
epoxy resin A used the mixture of 15% of things whose things of 0 are [ n of a repeat unit J 1, 
85% of things which are 3, and 1 and 4 for association of 100% and a cyclohexane. 
[0096] <examples 1-8 and the examples 1-3 of a comparison> — the photoresist of the 
constituent for optical waveguide resin was examined first The oxetane compound, the epoxy 
compound, the optical cationic initiator, etc. were mixed by the combination (the numeric value 
of front Naka is the mass section) shown in Table 1, and each constituent for optical waveguide 
resin was obtained. 

[0097] Thus, about each obtained constituent for optical waveguide resin, as it was the following, 
the photo-curing sex test was performed. On the glass substrate, the thickness of a constituent 
layer was applied so that it might be set to 100 micrometers. Then, it irradiated for 10 seconds 
with the output of 24 mW/cm2 using the metal halide lamp, and the constituent layer was 
hardened. The condition of the tuck of the hardened constituent layer is investigated by the 
fingertip, and the obtained result is shown in Table 1. Here, when there was no tuck in a 
hardened material layer, there was a tuck a little and "**" and a tuck existed [ O and J, it was 

described as "x." i 

[0098] Although it is the mixture of an alicyclic compound (a) and an epoxy compound which has 

the OKISETANIRU radical of this invention, as for examples 1-8, it turns out that it excels in 

hardenability. 

[0099] On the other hand, although the example 1 of a comparison was the constituent ot only 
an epoxy compound, it did not harden at all but the remarkable tuck was shown. Moreover, the 
examples 2 and 3 of a comparison are examples using the oxetane compound which does not 
have alicyclic structure as an oxetane compound. Although the improvement in hardenability was 
checked compared with the constituent of only an epoxy compound, as compared with the 
example which mixed the alicyclic compound (a) which has the OKISETANIRU radical of this 
invention, hardenability was a little inferior. To the oxetane compound of this invention, although 
the example 4 was a mixed example of other oxetane compounds, it was hardened enough. The 
hardenability of the alicyclic compound (a) which has the OKISETANIRU radical of this invention 
is reflected. Moreover, in the example 5, although it was the example which mixed the radical 
polymerization initiator with the radical polymerization nature compound, this example was also 
hardened enough. 

[0100] Thus, it turns out that the constituent for optical waveguide resin containing the alicyclic 
compound (a) which has the OKISETANIRU radical of this invention is excellent in hardenability. 
[0101] Furthermore, about the thing after full hardening of each obtained constituent for optical 
waveguide resin (light was irradiated further and it was made to harden completely), the 
refractive index to the D line of the sodium in 25 degrees C was measured, and the result was 
shown in Table 1. The refractive index was measured with the Abbe refractive-index plan (Atago 
Co., Ltd. Abbe refractive-index total 1 mold). As for the refractive index, it turned out that it can 
change with 1.465 to 1.550 and can adjust as a constituent for the object for the clad sections, 
and the core sections. 
[0102] 
[Table 1] 
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[0103] The thermosetting of the constituent examples 9-11 and for <examples 4-6 of 
comparison> optical waveguide resin was examined. Each constituent for optical waveguide resin 
was similarly adjusted except having changed the optical cationic initiator of examples 1-8 and 
the examples 1-3 of a comparison into heat cationic initiator SI-60L The (mass section) is 
shown for loadings in Table 2. 

[0104] Thus, about each obtained constituent for optical waveguide resin, as it was the following, 
the heat-curing sex test was performed. The class product was put in into the sample bottle and 
it soaked in the 80-degree C oil bath. Thermosetting was judged as follows about the description 
of the class product after hardening for 1 minute. It is [ "**" and the thing of V and the thing 
currently thickened which is carrying out full hardening ] "O which viscosity has hardly changed 
and carried out." 

[0105] The result was shown in Table 2. Thermosetting is [ constituent / containing the alicyclic 
compound (a) which has the OKISETANIRU radical of this invention / an epoxy compound 
independent or other oxetane compounds ] remarkably high. 

[0106] Although heat curing could also be used if needed in the clad section of optical 
waveguide, it turned out that the constituent for optical waveguide resin of this invention has 



sufficient hardenability also in heat curing. 
[0107] 

[Table 2] 
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[0108] Example of manufacture and constituent ECHO for the clad sections of <example 12> 
optical waveguide 40 mass sections, 2110 Ten mass sections, 828 Ten mass sections, optical 
cationic initiator UVl-6990 Three mass sections were mixed so that it might become 
homogeneity enough. Furthermore, the constituent for the optical waveguide clad sections was 
obtained by filtering and removing dust etc. In addition, the thing of the same name of article as 
what was stated in the examples 1-8 was used for each ingredient 

[0109] - Constituent ECHO for the core sections 30 mass sections, 2110 Ten mass sections, 
828 60 mass sections, optical cationic initiator UVl-6990 Three mass sections were mixed so 
that it might become homogeneity enough. Furthermore, the constituent for the optical 
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waveguide core sections was obtained by filtering and removing dust etc. In addition, the thing of 
the same name of article as what was stated in the examples 1-8 was used for each ingredient. 
[0110] Next, manufacture of optical waveguide is explained. As shown in drawing 1 (A), the 
substrate 10 which consists of silicon was prepared and constituent layer 11a which consists of 
a constituent for the optical waveguide clad sections was formed with the spin coat method the 
whole surface on this substrate 10. Then, as shown in drawing 1 (B), the ultraviolet rays of 2500 
mJ/cm2 were irradiated using the extra-high pressure mercury lamp to constituent layer 11a. 
The clad section 11 was formed by hardening constituent layer 11a ( drawing 1 (O). At this time, 
the thickness of the clad section 1 1 was 30 micrometers. Moreover, it was 1.512 when the 
refractive index of the clad section 11 to the D line of the sodium in 25 degrees C was 
measured. 

[01 1 1] Next, as shown in drawing 1 (D), on the clad section 1 1, the spin coat method was used 
and constituent layer 12a was formed by applying the constituent for the optical waveguide core 
sections. 

[0112] Furthermore, it has arranged so that 100 micrometers of photo masks 21 which have 
opening of the shape of a stripe whose width of face is 30 micrometers may be estranged from 
the front face of a substrate 10, and the ultraviolet rays of 1500 mJ/cm2 were irradiated to 
constituent layer 12a through this photo mask 21 using the extra-high pressure mercury lamp 
(the pro squeak tee exposing method). Part 12a1 corresponding to [ as this showed drawing 1 
(E) ] opening of the photo mask of constituent layer 12a The constituent for the optical 
waveguide core sections which constitutes constituent layer 12a then hardened. At this time, 
the thickness of hardened constituent layer 1 2a was 30 micrometers. Moreover, when the 
refractive index to the D line of the sodium in 25 degrees C was measured, it was 1.558, and the 
refractive-index difference with the clad section 1 1 was 0.046. 

[0113] After irradiating ultraviolet rays, ultraviolet rays are not irradiated with a photo mask 21, 
but it is the part 12a2 in the condition of not hardening. Dissolution removal was carried out with 
the acetone. Then, hardened material layer 12a (12a1) was washed using isopropyl alcohol. Thus, 
as shown in drawing 1 (F), two or more core sections 12 with a beltlike flat-surface configuration 
were formed. 

[01 14] Finally, as shown in drawing 1 (G), the clad section 13 was formed by the same approach 
as the clad section 11 on the exposure of the clad section 11, and the core section 12 using the 
same constituent as the clad section 11, and the optical waveguide of an embedding mold was 
produced. 

[0115] <Example 13> width of face produced optical waveguide like the example 12 except for 
having formed the core section with a width of face of 50 micrometers using the photo mask 21 
(refer to drawing 1 (D)) which has opening of the shape of a stripe which is 50 micrometers. 
[01 16] <Example 14> width of face produced optical waveguide like the example 12 except for 
having formed the core section with a width of face of 70 micrometers using the photo mask 21 
which has opening of the shape of a stripe which is 70 micrometers. 

[0117] Thus, about the optical waveguide of the acquired examples 12-14, the trial about optical 
transmission loss was performed, respectively. This trial used the wavelength of 790nm, and 
650nm semiconductor laser, and measured the propagation loss in TE (Transverse Electro) mode 
and TM (Transverse Magnetic) mode by the cutting-back method (how to measure the output 
power of optical waveguide, while cutting optical waveguide short gradually). The obtained result 
is shown in Table 3. 

[0118] In addition, the TE mode is the mode in which an electric-field component exists only in 
the cross section of optical waveguide, and it has a field component in the optical propagation 
direction. Moreover, the TM mode is the mode in which a field component exists only in the 
cross section of optical waveguide, and it has an electric-field component in the optical 
propagation direction. 

[0119] As shown also in Table 3, also in which the mode of the TE mode and the TM mode, the 
small value of 0.22-0.37dB/cm was acquired, and the optical waveguide of examples 12-14 was a 
good thing which has few optical transmission loss. 
[0120] 
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[Table 3] 
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[0121] 

[Effect of the Invention] the constituent for optical waveguide resin containing the alicyclic 
compound (a) which has the OKISETANIRU radical of this invention — optical cation hardening 
and heat cation hardening — in any case, reactivity can be high and hardening can be quickly 
advanced to it 

[0122] Moreover, by mixing with an epoxy compound or other oxetane compounds, the alicyclic 
compound (a) which has the OKISETANIRU radical of this invention can change a refractive 
index, and can build to arbitration the constituent the core section from which a refractive index 
differs, respectively, and for the clad sections. 
[0123] 



[Translation done.] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgLejje 



2007/01/12 



JP,2003-177260,A [TECHNICAL FIELD] 



1/1 ^— V 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the optical relation ingredient which used the 
optical waveguide for the hardenability constituent for forming the optical waveguide to which a 
lightwave signal can spread the interior and the optical waveguide which hardened the 
constituent and was obtained, and a list. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] By advance of the technique in IC (Integrated circuit; integrated 
circuit) or LSI (Large Scale Integration; large-scale integrated circuit), those working speeds and 
accumulation scales improve and high-performance-izing of a microprocessor and large 
capacity-ization of a memory chip are attained quickly, between the chips between the boards in 
the former and a device, or in a board etc. — signal transduction between short distance has 
mainly been comparatively performed by the electrical signal. In order to raise the engine 
performance of an integrated circuit further from now on, the further improvement in the speed 
of a signal and the densification of signal wiring are needed, but in electrical signal wiring, while 
these improvement in the speed and densification are reaching a limitation, the signal delay by 
CR (C: electrostatic-capacity [ of wiring ], resistance of Rwiring) time constant of wiring poses a 
problem. Moreover, since improvement in the speed of an electrical signal and the densification 
of electrical signal wiring cause an EMI (Electromagnetic Interference) noise, they become 
indispensable [ the cure ]. 

[0003] Then, optical wiring (optical interconnection) attracts attention as what solves these 
problems. Optical wiring is considered [ that it is applicable to various parts, such as between 
the chips between the boards between devices and in a device, or in a board, and ]. Especially, 
optical waveguide is formed on the substrate in which the chip is carried, and it is considered 
suitable by transmission of the signal between short distance like [ during a chip ] to build the 
optical transmission and communication system which made this the transmission line. 
[0004] The waveguide used here can be used for optical devices used for the optic field in 
addition to optical wiring, such as optical passive components, optical circuit components, etc., 
such as an optical switch, a fiber optic connector, an optical spectral separation multiplexing 
machine, an optical spectral separation coupler, an optical attenuator, and an optical isolator. 
About these light device, publication and p.161-175 will have a publication in "newest 
commercial scene of transparent plastic" CMC publication 1999. Hereafter, all the things about 
the waveguide used for an optical relation ingredient are summarized as optical waveguide, and 
are indicated. 

[0005] Conventionally, inorganic glass, such as a quartz, was used as this kind of optical 
waveguide. However, since it was necessary to perform heat treatment by the elevated 
temperature to form optical waveguide using inorganic glass, heat-treating under the elevated 
temperature of a semi-conductor substrate, a plastic plate, etc. was not able to form optical 
waveguide on the difficult substrate. 

[0006] On the other hand, optical waveguide using polymeric materials is being proposed and put 
in practical use in recent years. Polymeric materials are easy to process it as compared with an 
inorganic material, and can perform large-area-izing and film-ization easily. Moreover, since it is 
flexible, it has various advantages, like that an application is large and adjustment of a refractive 
index is easy. Especially, since it is the ingredient which can be mass-produced, the resin of an 
ultraviolet curing mold is expected as an ingredient for optical waveguides. As resin of such an 
ultraviolet curing mold, the epoxy resin is known widely. 

[0007] The optical waveguide using an epoxy resin is formed by performinjg the development 
which carries out wet etching of the part for the non-hard spot of resin, after applying resin on a 
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support base and carrying out selection exposure of the resin generally. 
[0008] However, since the polymerization nature of an epoxy resin was low, when optical 
waveguide was formed using an epoxy resin, it had the problem that a lot of energy is required ii 
case resin is stiffened, and productive efficiency will worsen. 

[0009] On the other hand, it is known by mixing an oxetane compound with an epoxy compound 
that cation hardening will improve remarkably. Since it is such, although the constituent for 
optical waveguide resin which used these oxetane compound is shown, in order to actually use 
for optical waveguide, in JP,2000~356720,A, the present condition is being unable to say that it 
has sufficient cure rate. 
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* NOTICES* 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] the constituent for optical waveguide resin containing the alicyclic 
compound (a) which has the OKISETANIRU radical of this invention — optical cation hardening 
and heat cation hardening — in any case, reactivity can be high and hardening can be quickly 
advanced to it. 

[0122] Moreover, by mixing with an epoxy compound or other oxetane compounds, the alicyclic 
compound (a) which has the OKISETANIRU radical of this invention can change a refractive 
index, and can build to arbitration the constituent the core section from which a refractive index 
differs, respectively, and for the clad sections. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] This invention is made in view of this trouble, and it is 
in offering the optical waveguide which used it for the constituent for optical waveguide resin 
excellent in polymerization nature, and the list, and its manufacture approach. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] this invention persons came to complete a header and this 
invention for the ability of the constituent for optical waveguide resin containing a specific 
cationic polymerization nature compound and the compound which makes cationic polymerization 
start with an exposure and/or heating of an activity energy line to solve said technical problem, 
as a result of considering solution of the above-mentioned technical problem wholeheartedly. 
[001 2] That is, this invention relates to the optical waveguide which used it for the constituent 
for optical waveguide resin shown in the following [1] - [19], and the list and its manufacture 
approach. 

[0013] [1] The constituent for optical waveguide resin characterized by including the alicyclic 
compound (a) which has the OKISETANIRU radical of a piece at least in intramolecular. 
[0014] [2] The constituent for optical waveguide resin given in [1] to which the alicyclic 
compound (a) which has the OKISETANIRU radical of a piece at least in intramolecular is 
characterized by being the compound expressed by the general formula (1). 

[Formula 4] 

H 2 C O 

CHn 

CH 2 

2 (1) 



CH / 

CH \ CH 

^CHn R 



((n is 2 when m is 0.) It is each radical of a hydrogen atom or the alkyl group of carbon numbers 
1-12, an aryl group, an aralkyl radical, and an alkyl halide radical, m is the integer of 0-2, and the 
inside R of a formula is 1 except it) 

[3] The constituent for optical waveguide resin given in [2] characterized by the compound 
shown by the general formula (1) being a 2-oxaspiro [3.5] nona-6-en or a 5-methyl-2-oxaspiro 
[3.5] nona-6-en. 

[0015] [4] The constituent for optical waveguide resin given in [1] to which the alicyclic 

compound (a) which has the OKISETANIRU radical of a piece at least in intramolecular is 

characterized by being the compound expressed by the general formula (2). 

[Formula 5] 

H_c o 

„CHn 

/ ^ CH 2 

<CH2)m ( 2 > 

CH 2 \ CH 

XHn R 

((n is 2 when m is 0.) It is each radical of a hydrogen atom or the alkyl group of carbon numbers 
1-12, an aryl group, an aralkyl radical, and an alkyl halide radical, m is the integer of 0-2, and the 
inside R of a formula is 1 except it) 

[5] The constituent for optical waveguide resin given in [4] characterized by the compound 



CH 
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shown by the general formula (2) being 2-oxaspiro [3.5] nonane or a 5-methyl-2-oxaspiro [3.5] 
nonane. 

[0016] [6] The constituent for optical waveguide resin given in [1] to which the alicyclic 
compound (a) which has the OKISETANIRU radical of a piece at least in intramolecular is 
characterized by being the compound expressed by the general formula (3). 
[Formula 6] 

H 2 C ; 

.CH 

OM (CHaJm 



n 



-CH_ 

(3) 



((n is 2 when m is 0.) It is each radical of a hydrogen atom or the aikyl group of carbon numbers 
1-12, an aryl group, an aralkyl radical, and an alkyl halide radical, m is the integer of 0-2, and the 
inside R of a formula is 1 except it) 

[0017] [7] The constituent for optical waveguide resin given in [6] to which the compound shown 
by the general formula (3) is characterized by being a 7 and 8-epoxy-5-methyl-2-oxaspiro [3.5] 
nonane, 6, and 7-epoxy-2-oxaspiro [3.5] nonane. 

[8] The constituent for optical waveguide resin given in [1] to which the alicyclic compound (a) 
which has the OKISETANIRU radical of a piece at least in intramolecular is characterized by the 
thing which was chosen from the compound expressed with a general formula (1), a general 
formula (2), and a general formula (3), and which is a kind at least 

[9] The constituent for optical waveguide resin of any one publication of [1] - [8] characterized 
by containing the compound (b) which has an epoxy group more than a piece and does not have 
an OKISETANIRU radical. 

[0018] [10] The constituent for optical waveguide resin given in [9] characterized by the 
compound (b) which has an epoxy group more than a piece and does not have an OKISETANIRU 
radical having a fluorine atom. 

[1 1] The constituent for optical waveguide resin of any one publication of [1] - [10] 
characterized by including the compound (c) which makes cationic polymerization start with an 
exposure and/or heating of an activity energy line. 

[12] The constituent for optical waveguide resin given in [11] which is one or more sorts as 
which the compound (c) which makes cationic polymerization start with an exposure and/or 
heating of an activity energy line was chosen from sulfonium salt, iodonium salt, phosphonium 
salt, and diazonium salt 

[0019] [13] The constituent for optical waveguide resin of any one publication of [1] - [12] 
characterized by including a radical polymerization nature compound (d). 
[14] The constituent for optical waveguide resin of any one publication of [1] - [13] 
characterized by including an optical radical initiator (e). 

[15] The constituent for optical waveguide resin of any one publication of claim 1-14 with which 
the refractive index to the D line of the sodium in 25 degrees C of a hardened material is 
characterized by being a value within the limits of 1.70 or less [ 1.40 or more ]. 
[0020] [16] [1] Optical waveguide which was made to harden the constituent for optical 
waveguide resin of any one publication of - [15], and was obtained. 

[17] Optical waveguide characterized by for either [ at least ] the core section or the clad 
section hardening the constituent for optical waveguide resin of any one publication of [1] - [15], 
and obtaining it while having the core section and the clad section. 

[0021] [18] The manufacture approach of the optical waveguide which forms optical waveguide 
by the development which is made to harden the constituent concerned alternatively and 
removes a part for a non-hard spot by irradiating an activity energy line alternatively at the layer 
using the constituent for optical waveguide resin containing the compound (c) which makes 
intramolecular start cationic polymerization with the exposure and/or heating of an alicyclic 
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compound (a) and an activity energy line which have the OKISETANIRU radical of a piece at 
least. 

[19] The optical device with which the optical waveguide of a publication was used for [16], 
[0022] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to 
a detail. 

[0023] the alicyclic compound (a) which has the OKISETANIRU radical of a piece at least in the 
same intramolecular of this invention — ( — it abbreviates to a compound (a) henceforth. The 
alicyclic compound expressed with a general formula (1), a general formula (2), or a general 
formula (3) as) is desirable, a general formula (1), (2), and (3) — setting — R — each of each 
type — it is each radical of the alkyl group of a hydrogen atom, the shape of a straight chain of 
carbon numbers 1-12, and the letter of branching, an aryl group, an aralkyl radical, and an alkyl 
halide radical independently. In these, a hydrogen atom and the alkyl group of a straight chain are 
desirable, and a hydrogen atom and especially a methyl group are desirable, n is 2 when m is 0, 
and m is the integer of 0-2 and it is 1 except it. It means that a bridging with a methylene chain 
does not exist in m= 0. 

[0024] As the alkyl group of the shape of a straight chain of carbon numbers 1-12, and the letter 
of branching, an aryl group, and an aralkyl radical, a methyl group, an ethyl group, an isopropyl 
group, a phenyl group, benzyl, etc. are mentioned. 

[0025] As an alkyl halide radical, a fluoro alkyl group, a chloro alkyl group, a BUROMO alkyl 
group, etc. are mentioned. Each [ these ] alkyl group is the shape of a straight chain, and a letter 
of branching, and the number of each halogen atoms should just be one or more. 
[0026] As a compound expressed with a general formula (1), a 2-oxaspiro [3.5] nona-6-en, A 9- 
methyl-2-oxaspiro [3.5] nona-6-en, 2 - OKISA-9-phenyl SUPIRO [3.5] nona-6-en, a 9- 
trifluoromethyi-2-oxaspiro [3.5] nona-6-en and spiro — [the bicyclo [2.2.1] hepta — 5-en -2, 3 - 
oxetane], and spiro — [the 3-methyl bicyclo [2.2.1] hepta — 5-en -2, 3'-oxetane], etc. are 
mentioned. In these, a 2-oxaspiro [3.5] nona-6-en and a 9-methyl-2-oxaspiro [3.5] nona-6-en 
are desirable. 

[0027] These compounds have the OKISETANIRU radical and the carbon carbon double bond, 
were excellent not only in cationic polymerization nature but radical polymerization nature, and 
are contributed to improvement in a cure rate. Moreover, since it has alicycle structure, the 
hardened material of the constituent of this invention is excellent also in thermal resistance. 
Furthermore, since many of compounds shown by the general formula (1) are liquids in ordinary 
temperature, it becomes possible [ lowering the viscosity of the constituent of this invention ], 
and may raise coating nature. 

[0028] As a compound expressed with a general formula (2), 2-oxaspiro [3.5] nonane, A 7- 
methyl-2-oxaspiro [3.5] nonane, a 5-methyl-2-oxaspiro [3.5] nonane, A 2-OKISA-5-phenyl 
SUPIRO [3.5] nonane, a 5-trifluoromethyl-2-oxaspiro [3.5] nonane, spiro — [adamantane -2, 3 - 
oxetane], and spiro — [the bicyclo [2.2.1] heptane -2 and 3-oxetane] — spiro — [ — bicyclo 
one — [ — 2.2.2 — ] — an octane - two — three — 1 - oxetane — ] — spiro — [ — seven - 
OKISA — bicyclo one — [ — 2.2.1 — ] — a heptane - two — three — * - oxetane •■ — ] — spiro - 
- [ — three - methyl — bicyclo one — [ — 2.2.1 — ] — a heptane - two — three — ' - oxetane 
— ] — etc. — mentioning — having . In these, 2-oxaspiro [3.5] nonane and a 5-methyl-2- 
oxaspiro [3.5] nonane are desirable. 

[0029] These compounds are excellent in cationic polymerization nature, and have the 
effectiveness of the improvement in a cure rate of a constituent. Moreover, the alicycle 
structure gives thermal resistance to the hardened material of the constituent of this invention. 
Furthermore, since many of compounds shown by the general formula (2) are liquids in ordinary 
temperature, it becomes possible [ lowering the viscosity of the constituent of this invention ], 
and may raise coating nature. 

[0030] As a compound expressed with a general formula (3), 7, a 8-epoxy-5-methyl-oxaspiro 
[3.5] nonane, 7, a 8-epoxy-5-ethyl-2-oxaspiro [3.5] nonane, 7, a 8-epoxy-2-OKISA-5-phenyl 
SUPIRO [3.5] nonane, 7, 8 oxaspiro [ - epoxy-5-truffe RIORO methyl-2-] [3.5] nonane, six — 
seven - epoxy - two - oxaspiro — [ — 3.5 — ] — a nonane — spiro — [ — five — six - epoxy - 
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- norbornane - two — three — ' - oxetane — ] — spiro — [ — five — six - epoxy - three ~ 
methyl — norbornane - two — three — ' - oxetane — ] — etc. — it is . In these, a 7 and 8- 
epoxy-5-methyl-2-oxaspiro [3.5] nonane, 6, and 7-epoxy-2~oxaspiro [3.5] nonane is desirable. 
[0031] These compounds had the OKISETANIRU radical and the epoxy group simultaneously, 
were excellent in cationic polymerization nature, and are contributed to improvement in the cure 
rate of a constituent Moreover, it has alicycle structure and the thermal resistance of a 
hardened material is raised. 

[0032] Compounds (a) including the alicyclic compound which has an OKISETANIRU radical more 
than a piece in the intramolecular expressed with a general formula (1), (2), and (3) are 
independent, or can be used as two or more sorts of mixture, the loadings (when using two or 
more sorts together, they are those total quantities) of these compounds (a) — the inside of the 
constituent for optical waveguide resin of this invention — desirable — 1-90 mass % it is 10 

- 60 mass % still more preferably. 

[0033] As a compound (b) which has an epoxy group more than a piece in the intramolecular of 
this invention, and does not have an OKISETANIRU radical, the epoxy compound of well-known 
common use can be used. This epoxy compound will not be limited, especially if it has an epoxy 
group more than a piece in 1 molecule and does not have an OKISETANIRU radical. 
[0034] Specifically Bisphenol A diglycidyl ether, bisphenol F diglycidyl ether, Bisphenol S 
diglycidyl ether, bromination bisphenol A diglycidyl ether, Bromination bisphenol F diglycidyl 
ether, bromination bisphenol S diglycidyl ether, a novolak mold epoxy resin (for example, a phenol 
novolak mold epoxy resin — ) A cresol novolak mold epoxy resin, a bromination phenol novolak 
mold epoxy resin, Hydrogenation bisphenol A diglycidyl ether, hydrogenation bisphenol F 
diglycidyl ether, hydrogenation bisphenol S diglycidyl ether, triglycidyl isocyanurate, etc. can be 
used. 

[0035] Moreover, it is methyl (3, 4-epoxycyclohexyl) as an aliphatic series epoxy compound. - 3\ 
4-epoxycyclohexyl carboxylate, 2-(3, 4-epoxycyclohexyl -5, 5-spiro -3, 4-epoxy) cyclohexane- 
meta-dioxane, A bis(3, 4-epoxycyclohexyl methyl) horse mackerel peat, vinyl cyclohexene oxide, 
4-vinyl epoxy cyclohexane, a bis(3, 4-epoxy-6-methylcyclohexyl methyl) horse mackerel peat, 3, 
4-epoxy-6-methylcyclohexyl - 3\ 4 - epoxy -6 -methylcyclohexane carboxylate, Methylenebis 
(3, 4-epoxy cyclohexane), dicyclopentadiene diepoxide, Limonene diepoxide, the JI (3, 4- 
epoxycyclohexyl methyl) ether of ethylene glycol, and an ethylene screw (3, 4-epoxy 
cyclohexane carboxylate) are mentioned. 

[0036] Furthermore, epoxy hexahydrophthalic acid dioctyl, epoxy hexahydrophthalic acid G 2- 
ethylhexyl, 1,4-butanediol diglycidyl ether, 1, 6-hexanediol diglycidyl ether, Glycerol triglycidyl 
ether, trimethylolpropane triglycidyl ether, Polyethylene glycol diglycidyl ether, polypropylene 
glycol diglycidyl ether, Ethylene glycol, propylene glycol, By adding one sort or two sorts or more 
of alkylene oxide to aliphatic series polyhydric alcohol, such as a glycerol The monoglycidyl ether 
of the diglycidyl ether aliphatic series higher alcohol of the Pori glycidylethers; aliphatic series 
long-chain dibasic acid of the polyether polyol obtained; Butyl glycidyl ether, Phenyl glycidyl 
ether, KUREZORU glycidyl ether, nonylphenyl glycidyl ether, Glycidyl methacrylate; A phenol, 
cresol, Glycidyl ester; epoxidized soybean oil of a monoglycidyl ether; higher fatty acid of the 
polyether alcohol which adds alkylene oxide to butylphenol or these, and is obtained; Epoxy butyl 
stearate, Epoxy stearin acid octyl, the epoxidation linseed oil, epoxidation polybutadiene, etc. can 
be mentioned. 

[0037] In order to adjust the refractive index of the optical waveguide of this invention 
furthermore, the fluorination epoxy compound which has a fluorine atom can be used. A 
fluorination epoxy compound can be adjusted to a desired refractive index by having a small 
refractive index as compared with the hydrocarbon mold epoxy compound which has the same 
structure, and mixing to the resin constituent for optical waveguides. 

[0038] Although the example of the following compound is specifically indicated by "volume [ of 
application physics / 68th ] No. 1 (1999), and p.4-13", this invention is not limited to these. 
[Formula 7] 
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[Formula 8] 

cf 3 __ CF- 



n CF 3 CF 8 



[Formula 9] 



[Formula 10] 

cf 3 



[Formula 11] 



<^<o 



[0039] The compound (b) which has an epoxy group more than a piece in these intramoleculars, 
and does not have an OKISETANIRU radical is independent, or two or more sorts can use it, 
mixing. 

[0040] The sum total of a compound [ in / in the loadings (when using two or more sorts 
together, they are those total quantities) of a compound (b) / this invention ] (a): The 1 - 10,000 
mass section is desirable to the 100 mass sections, and especially the 10 - 1,000 mass section 
is desirable. 

[0041] The compound (c) which makes cationic polymerization start with the exposure and/or 
heating of an activity energy line as used in the field of this invention can change with the 
exposures of activity energy lines, such as heating and ultraviolet rays, and can be used as the 
compound which generates the matter which makes cationic polymerization, such as an acid, 
start. Therefore, a compound (c) is a kind of cationic initiator, and is also called the "acid 
generator" in this industry. Henceforth, in this invention, a compound (c) is also called an acid 
type-of-seasonal— prevalence cationic initiator. 

[0042] By the optical exposure of heating or ultraviolet rays, an acid type-of-seasonal- 
prevalence cationic initiator promotes the cationic polymerization of the compound (a) of this 
invention, a compound (b), and other cationic polymerization nature matter (compound containing 
an OKISETANIRU radical etc.), and advances smoothly hardening of the constituent for optical 
waveguide resin of this invention. 

[0043] Moreover, the acid type-of-seasonal-prevalence cationic initiator as used in the field of 
this invention changes with the exposures of activity energy lines, such as heating and ultraviolet 
rays, it is the compound which generates the matter which makes cationic polymerization, such 
as an acid, start, and the compound which has taken the form of an acid from the beginning like 
a carboxylic acid is not contained. 

[0044] Sulfonium salt well-known as an acid type-of-seasonal-prevalence cationic initiator, 
iodonium salt, phosphonium salt, diazonium salt, ammonium salt, and ferrocenes are mentioned. 
Although illustrated concretely below, it is not limited to these compounds. 

[0045] As an acid type-of-seasonal-prevalence cationic initiator of a sulfonium salt system Bis 
[4-(diphenyl SURUHONIO) phenyl] sulfide Screw hexafluorophosphate, Bis[4-(diphenyl 
SURUHONIO) phenyl] sulfide Screw hexafluoroantimonate, Screw [4-(diphenyl SURUHONIO) 
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phenyl] sulfide screw tetrafluoroborate, Bis[4-(diphenyl SURUHONIO) phenyl] sulfide Tetrakis 
(pentafluorophenyl) borate, Diphenyl-4-(phenylthio) phenyl sulfonium Hexafluorophosphate, 
Diphenyl-4-(phenylthio) phenyl sulfonium Hexafluoroantimonate, Diphenyl-4-(phenylthio) phenyl 
sulfonium tetrafluoroborate, Diphenyl-4-(phenylthio) phenyl sulfonium Tetrakis 
(pentafluorophenyl) borate, Triphenylsulfonium hexafluorophosphate, triphenylsulfonium 
hexafluoroantimonate, Triphenylsulfonium tetrafluoroborate, triphenylsulfonium tetrakis 
(pentafluorophenyl) borate, Bis[4-(JI (4- (2-hydroxy ethoxy)) phenyl SURUHONIO) phenyl] 
sulfide Screw hexafluorophosphate, Bis[4-(JI (4- (2-hydroxy ethoxy)) phenyl SURUHONIO) 
phenyl] sulfide Screw hexafluoroantimonate, Bis[4-(JI (4- (2-hydroxy ethoxy)) phenyl 
SURUHONIO) phenyl] sulfide Screw tetrafluoroborate, Screw [4-(JI (4- (2-hydroxy ethoxy)) 
phenyl SURUHONIO) phenyl] sulfide tetrakis (pentafluorophenyl) borate etc. is mentioned. 
[0046] As an acid type-o^seasonal-prevalence cationic initiator of an iodonium salt system 
Diphenyliodonium Hexafluorophosphate, diphenyliodonium Hexafluoroantimonate, 
Diphenyliodonium Tetrafluoroborate, diphenyliodonium Tetrakis (pentafluorophenyl) borate, Bis 
(dodecyl phenyl) iodonium Hexafluorophosphate, Bis(dodecyl phenyl) iodonium 
Hexafluoroantimonate, Bis(dodecyl phenyl) iodonium Tetrafluoroborate, Bis(dodecyl phenyl) 
iodonium Tetrakis (pentafluorophenyl) borate, 4-methylphenyl-4-(1-methylethyl) phenyliodonium 
Hexafluorophosphate, 4-methylphenyl-4-(1-methylethyl) phenyliodonium Hexafluoroantimonate, 
4-methylphenyl-4-(1-methylethyl) phenyliodonium tetrafluoroborate, 4-methylphenyl-4-(1- 
methylethyl) phenyliodonium Tetrakis (pentafluorophenyl) borate etc. is mentioned. 
[0047] As an acid type-o^seasonal-prevalence cationic initiator of a phosphonium salt system, 
ethyltriphenylphosphonium tetrafluoroborate, ethyltriphenylphosphonium hexafluorophosphate, 
ethyltriphenylphosphonium hexafluoroantimonate, tetrabuthyl phosphonium tetrafluoroborate, 
tetrabuthyl phosphonium hexafluorophosphate, tetrabuthyl phosphonium hexafluoroantimonate, 
etc. are mentioned. 

[0048] As an acid type-of-seasonal-prevalence cationic initiator of a diazonium salt system, it is 
phenyl diazonium. Hexafluorophosphate, phenyl diazonium Hexafluoroantimonate, phenyl 
diazonium Tetrafluoroborate, phenyl diazonium Tetrakis (pentafluorophenyl) borate etc. is 
mentioned. 

[0049] As an acid type-of-seasonal-prevalence cationic initiator of an ammonium salt system 1- 
benzyl-2-cyano pyridinium Hexafluorophosphate, 1-benzyl-2-cyano pyridinium 
Hexafluoroantimonate, 1 -benzyl-2-cyano pyridinium Tetrafluoroborate, 1-benzyl-2-cyano 
pyridinium tetrakis (pentafluorophenyl) borate, 1-(naphthyl methyl)-2-cyano pyridinium 
Hexafluorophosphate, 1-(naphthyl methyl)-2-cyano pyridinium Hexafluoroantimonate, 1- 
(naphthyl methyl)-2-cyano pyridinium Tetrafluoroborate, 1-(naphthyl methyl)-2-cyano pyridinium 
Tetrakis (pentafluorophenyl) borate etc. is mentioned. 

[0050] As an acid type-ol^seasonal-prevalence cationic initiator of a ferrocene system [(1- 
methylethyl) benzene]-Fe (II) hexafluorophosphate, (2, 4-cyclopentadiene-HRU) [(1- 
methylethyl) benzene]-Fe (II) hexafluoroantimonate, (2, 4-cyclopentadiene-1-IRU) 2, 4- 
cyclopentadiene-1-IRU [(1-methylethyl) benzene]-Fe (II) tetrafluoroborate, 2, 4- 
cyclopentadiene-1-IRU [(1-methylethyl) benzene]-Fe(II) tetrakis (pentafluorophenyl) borate, etc. 
are mentioned. 

[0051] In these acid type-of-seasonal-prevalence cationic initiators, the initiator of sulfonium 
salt and an iodonium salt system is desirable from the field of a cure rate, stability, and 
economical efficiency. As a commercial item SAN-AID SI[ by the Cl-2639; 3 Japanese 
Federation of Chemical Industry Workers' Unions industrial company ]-60; SP[ by Asahi Denka 
Kogyo K.K. ]- 150, SP-170, CP-66, CP-77; Union Carbide CYRACURE-UVI -6990, and UVI- 
6974; Nippon Soda Co., Ltd. make — CI-2855 — "The IRUGA cure 261" (Ciba Specialty 
Chemicals [(1-methylethyl) benzene] (2, 4-cyclopentadiene-1-IRU)-Fe (II) hexafluorophosphate), 
"Load sill (RHODORSIL) 2074"; (Rhone-Poulenc shrine 4-methylphenyl-4-(1-methylethyl) 
phenyliodonium tetrakis (pentafluorophenyl) borate) etc. is mentioned. 

[0052] These acids type-of-seasonal-prevalence cationic initiator can be chosen from the 
ingredients mentioned above, can also be used independently, and can also be used combining 
two or more kinds, although especially the range where the amount of the acid type-oi^ 
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seasonal-prevalence cationic initiator used is suitable does not have a limit — the loadings (total 
quantity which united them when compound in which other below-mentioned cationic 
polymerization is possible was used together) 100 mass section of the sum total of a compound 

(a) and a compound (b) — receiving — 0.05 - 25 mass section — it is 1 - 20 mass section 
preferably. If there are few additions than the 0.05 mass section, in order to become a defect of 
sense and to fully harden, high temperature processing of remarkable optical big exposure energy 
or long duration is required. Moreover, even if it adds exceeding 25 mass sections, improvement 
in sensibility is not carried out and is not economically desirable. Conversely, there is a 
possibility that the amount which remains as a non-hardened component may increase and the 
physical properties of a hardened material may fall into a constituent. 

[0053] The cationic polymerization nature monomer shown below in this invention can also be 
added to the constituent for optical waveguide resin of this invention in the range which does 
not affect hardenability and hardened material physical properties. This cationic polymerization 
nature monomer is classified into the compound which is a compound which causes a 
polymerization initiation reaction and crosslinking reaction with the acid which the acid type-of- 
seasonal-prevalence cationic initiator generated, and is except a compound (a) and a compound 

(b) . For example, trimethylene oxide, 3, and 3-dimethyl oxetane, 3, and 3-dichloro methyl 
oxetane, 3-ethyl-3-phenoxymethyl oxetane, 3-ethyl-3-hydroxymethyloxetane (Toagosei make; 
trade name EOXA), Bis[(3-ethyl-3-OKISETA nil methoxy) methyl] benzene (alias name xylylene 
JIOKI cetane; Toagosei; trade name XDO), Tori [(3-ethyl-3-OKISETA nil methoxy) methyl] 
benzene, The bis[(3-ethyl-3-OKISETA nil methoxy) methylphenyl] ether, 3-ethyl-3-[(oxy- 
RANIRU methoxy) methyl] oxetane, The oxetane compound to which the OKISETANIRU radical 
is attached in addition to alicyclic compounds, such as oligo dimethylsiloxane; A tetrahydrofuran, 
(3-ethyl-3-OKISETA nil methoxy) Oxo-run compounds, such as 2 and 3-dimethyl 
tetrahydrofuran; A trioxane, Annular acetal compounds, such as 1, 3-dioxolane, 1 and 3, and 6- 
trioxane cyclooctane; Beta propiolactone, Annular lactone compounds, such as epsilon- 
caprolactone; An ethylene sulfide, Thiethane compounds, such as thiirane compound;3, such as 
1, 2-propylene sulfide, and thio epichlorohydrin, and 3-dimethyl thiethane; The ethylene glycol 
divinyl ether, The SUPIRO orthochromatic ester compound which is a resultant of a vinyl ether 
compound; epoxy compound and lactone, such as the TORIECHIRENGURI COL divinyl ether and 
the trimethylol propane TORIBI nil ether; A vinyl cyclohexane, Ethylene nature unsaturated- 
compound; cyclic ether compound; annular thioether compounds, such as an isobutylene and 
polybutadiene; a vinyl compound etc. can be mentioned. 

[0054] These cationic polymerization nature monomers can also add one sort independently, or 
can also add it combining two or more sorts, the loadings (when using two or more sorts 
together, they are those total quantities) of these cationic polymerization nature monomer — 
sum total [ of the compound (a) of this invention ]: — the 100 mass sections — receiving — the 
1 - 10,000 mass section — it is the 10 - 1,000 mass section preferably. Since hardenability will 
fall and energy required for hardening will increase if the compound with which only one has a 
cationic polymerization nature machine is added more than the 200 mass sections to the sum 
total:100 mass section of a compound (a) among the above-mentioned cationic polymerization 
nature monomers to intramolecular, it is not desirable. 

[0055] In order to raise optical (activity energy line) hardenability to the constituent for optical 
waveguide resin of this invention, it is the range which does not check the purpose of this 
invention, and it is also possible to add a radical polymerization nature compound (d). As a 
compound (d), although there is especially no limitation, it can use the radical polymerization 
nature monomer of well-known common use of an acrylic ester (meta) system. Specifically 
Methyl (meta) acrylate, ethyl (meta) acrylate, n-propyl (meta) acrylate, n-butyl (meta) acrylate, 
2-ethylhexyl (meta) acrylate, lauryl (meta) acrylate, Cyclohexyl (meta) acrylate, phenoxy ethyl 
(meta) acrylate, 2-ethoxyethyl (meta) acrylate, glycidyl (meta) acrylate, 2-hydroxyethyl (meta) 
acrylate, benzyl (meta) acrylate, Monofunctional (meta) acrylate compounds, such as ethylene 
glycol monochrome (meta) acrylate; Ethylene GURIKORUJI (meta) acrylate, Polyethylene 
GURIKORUJI (meta) acrylate, TORIMECHI roll pro pantry (meta) acrylate, Pentaerythritol 
tetrapod (meta) acrylate, dipehtaerythritol PENTA (meta) acrylate, polyfunctional epoxy (meta) 
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acrylate resin, polyfunctional urethane (meta) acrylate resin, etc. can be mentioned. 
[0056] Moreover, it is the purpose which adjusts the refractive index of the optical waveguide of 
this invention, and it is also possible to use the acrylate monomer which has a fluorine atom 
(meta) as a compound (d). Specifically, 2, 2, and 2-trifluoroethyl (meta) acrylate, 2, 2 and 3, 3~ 
tetrafluoro propyl (meta) acrylate, pentafluoro propyl (meta) acrylate, hexafluoro isopropyl (meta) 
acrylate, octafluoropentyl (meta) acrylate, etc. can be mentioned. 

[0057] the total 100 mass section of the cationic polymerization nature compound the compound 
(a) of this invention, a compound (b), a compound (c), and **##s other than these — receiving - 
- the 5 - 200 mass section — it is the 10-100 mass section preferably. [ the addition of a 
compound (d) ] If an addition exceeds the 200 mass sections, set-to-touch nature will worsen. 
Moreover, since the rate of bridge formation of an acrylic (meta) radical increases in hardening, 
the thermal resistance of the obtained hardened material and chemical resistance fall. 
[0058] In order to promote smoothly the radical polymerization of the above-mentioned radical 
polymerization nature compound (d), the thing of the well-known common use which it is 
desirable adding an optical radical initiator (e), it induces light, and generates a radical can be 
used. "Light" means radiations, such as a visible ray, ultraviolet rays, far ultraviolet rays, an X- 
ray, and an electron ray, here. As an optical radical initiator (e), for example A benzoin, benzoin 
ethyl ether, Benzoin iso-propyl ether, benzoin-n-butyl ether, Benzoin isobutyl ether, an 
acetophenone, a dimethylamino acetophenone, A 2 and 2-dimethoxy-2-phenyl acetophenone, 2, 
and 2-diethoxy-2-phenyl acetophenone, 2-hydroxy - 2-methyM -phenyl propane-1-ON, 1- 
hydroxy cyclohexyl phenyl ketone, 2-methyl - 1-[4-(methylthio) phenyl]-2~morpholino propane- 
1-ON (the product made from tiba speciality KEMIKARUZU; [RUGA cure 907), A 4-(2~hydroxy 
ethoxy) phenyl-2-(hydroxy-2-propyl) ketone, A benzophenone, p-phenylbenzo phenon, 4, and 4'- 
diethylamino benzophenone, A dichloro benzophenone, 2-methyl anthraquinone, 2-t-butyl 
anthraquinone, 2-aminoanthraquinone, 2-methylthio xanthone, 2-ethyl thioxan ton, 2-chloro 
thioxan ton, 2, 4-diethyl thioxan ton, benzyl dimethyl ketal, p-dimethylamine benzoate, 2 and 4, 
6-trimethyl benzoyl diphenyl phosphine oxide (BASF A.G. make; RUSHIRIN TPO), Screw (2, 6- 
dimethoxybenzoyl) - 2, 4, and 4-TORIMECHIRU-pentyl phosphine oxide content initiator (the 
product made from tiba speciality KEMIKARUZU; IRUGA cures 1700, 149, and 1800), Bis(2, 4, 6- 
trimethyl benzoyl)-phenyl phosphine oxide (the product made from tiba speciality KEMIKARUZU; 
IRUGA cure 819) etc. is mentioned. These can be used as one sort or two sorts or more of 
mixture. 

[0059] 0.007-0.5 mols can be used for the amount of the optical radical initiator (e) used to 1Eq 
of radical polymerization nature functional groups, such as an acrylic (meta) radical of the radical 
polymerization nature compound in a constituent (d). 

[0060] An ion trap agent can be included in the constituent for optical waveguide resin of this 
invention if needed. An ion trap agent can be changed to the matter which reacts with the 
impurity which consists of an anion or a cation, and is defanged. 

[0061] The constituent for optical waveguide resin of this invention may contain aliphatic series 
polyol further. This aliphatic series polyol gives flexibility to the optical waveguide resin of this 
invention, or gives effectiveness, such as raising the integration of a reaction in room 
temperature aging after a hardening reaction. As aliphatic series polyol, a glycerol besides 
alkylene glycol (Pori), such as ethylene glycol, propylene glycol, a polyethylene glycol, a 
polypropylene glycol, and a butylene glycol, polyglycerin, pentaerythritol, the poly caprolactone 
polyol, etc. are mentioned, for example, the loadings — per total 100 mass section of component 
[ in the constituent for optical waveguide resin of this invention ] (a) - (e), and other cationic 
polymerization nature monomer components, and 5-50 mass section — you may be 10 - 30 
mass section extent preferably. 

[0062] A sensitizer can also be used in order to raise a rate of polymerization, in case 
polymerization hardening of the constituent for optical waveguide resin of this invention is 
carried out by the ultraviolet rays which are one of the activity energy lines. As a sensitizer used 
for such the purpose, a pyrene, perylene, 2, 4-diethyl thioxan ton, 2, 4-dimethyl thioxan ton, 2, 
4-dichloro thioxan ton, phenothiazin, etc. are mentioned. The amount of [ in the case used of 
using a sensitizer together ] has the desirable range of the 0.1 - 100 mass section to the photo- 
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oxide type-of-seasonal-prevalence cationic initiator 100 mass section. 

[0063] furthermore, the additives of well-known common use like stress relaxation agents, such 
as flame retarders, such as a nitrogen-containing compound, silicone oil, and silicone rubber 
powder, including adhesion grant agents by the Shin-etsu silicone company, such as defoaming 
agent; leveling agent; imidazole systems, such as a silicone system, a fluorine system, and a 
giant-molecule system, a thiazole system, a triazole system, and a silane coupling agent, for 
example, a silane coupling agent KBM303 and KBM403, a KBM402; antimony trioxide, phosphoric 
ester, red phosphorus, and melamine resin can be used if needed. 

[0064] The constituent for optical waveguide resin of this invention can be obtained by mixing 
constituents, such as a compound (a) described so far, a compound (b), and a compound (c), with 
the mixed equipment of well-known common use of the agitator by the wing, a stirring kneading 
machine, a paint shaker, a kneader, 3 roll mills, etc. Although there will be especially no limitation 
if mixed equipment is equipment which can mix each constituent to homogeneity, it is necessary 
to select in consideration of the viscosity of a constituent etc. 

[0065] The polymerization (hardening) of the constituent for optical waveguide resin in this 
invention can be carried out with an exposure and/or heating of an activity energy line. An 
activity energy line here shows ultraviolet rays, an X-ray, an electron ray, a gamma ray, etc. As 
the light source in the case of irradiating ultraviolet rays, a metal halide lamp, a mercury arc 
lamp, a xenon arc lamp, a fluorescent lamp, a carbon arc lamp, a tungsten-halogen copy lamp, 
sunlight, etc. can be mentioned. 

[0066] the case where the constituent for optical waveguide resin of this invention is stiffened 
with heating — heating conditions — desirable — about 50-250 degrees C — more — desirable 
— about 75-200 degrees C — setting — about 0.2 - 60 minutes — desirable — about 0.5- it is 
more preferably good as conditions for about 1-10 minutes for 20 minutes. 

[0067] As for the refractive index of the optical waveguide of this invention, it is desirable that it 
is 1.40-1.70 to the D line of the sodium in 25 degrees C, and the core section or the clad section 
of optical waveguide is formed in this range. Therefore, it is desirable for the refractive indexes 
of the constituent for optical waveguide resin to be also 1.40-1.70. The core section and the 
clad section which constitute optical waveguide can form the optical waveguide which the 
refractive-index difference of the core section and the clad section excelled in the optical 
propagation property about by 1.5 in the case of the single mode when the refractive index was 
about [ 0.01 to 0.1 or more ] in the case of about [ 0.001 or more ] and a multimode. 
[0068] Generally, the constituents for optical waveguide resin are mixture, such as an oxetane 
compound and an epoxy compound, as described until now. As for these oxetane compound and 
an epoxy compound, it is possible for a refractive index to control the refractive index of optical 
waveguide resin to arbitration by changing to be 1.40 to about 1.70 and to choose these 
compounds appropriately and a compounding ratio. 

[0069] Next, an example of the manufacture approach of optical waveguide using the constituent 
for optical waveguide resin is explained with reference to drawing 1 . 

[0070] First, as shown in drawing 1 (A), on the substrate 10 which consists of silicon, it applies 
so that the thickness after hardening the constituent for the optical waveguide clad sections 
may be set to about 30 micrometers, and constituent layer 11a for the clad sections is formed. 
[0071] Next, as shown in drawing 1 (B), the constituent for the optical waveguide clad sections is 
stiffened to constituent layer 11a for the clad sections using an extra-high pressure mercury 
lamp by irradiating ultraviolet rays for 60 seconds with the output of 25 mW/cm2 on the whole 
surface. Thereby, as shown in drawing 1 (C), the clad section 1 1 of optical waveguide is formed. 
In addition, if constituent layer 11a is stiffened completely, a refractive index will become large 
about 0.025, for example. When hardening the clad section, the approach by photo-curing is 
possible, and heat curing which used the heat cation curing agent in complete hardening is also 
possible. 

[0072] Next, as shown in drawing 1 (D), on the clad section 1 1, it applies so that the thickness 
after hardening the constituent for the optical waveguide core sections may be set to about 30 
micrometers, and constituent layer 12a is formed. 

[0073] Furthermore, ultraviolet rays are irradiated to constituent layer 12a through the photo 
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mask 21 which has stripe-like opening. Alignment is carried out, a photo mask 21 is specifically 
arranged so that constituent layer 12a for the core sections may not be contacted on 
constituent layer 12a for the core sections, and ultraviolet rays are irradiated towards 
constituent layer 12a from a photo-mask 21 side. The exposure of ultraviolet rays is performed 
for 5-120 seconds with the output of 20 - 200 mW/cm2 using an extra-high pressure mercury 
lamp. Thereby, as shown in drawing 1 (E), in the part 12a1 corresponding to opening of the photo 
mask 21 of constituent layer 12a for the core sections, the constituent for the optical waveguide 
core sections hardens. 

[0074] As mentioned above, it is necessary to arrange a photo mask 21, in order for constituent 
layer 12a for the core sections and a photo mask 21 to paste up, if ultraviolet rays are irradiated 
after non-hardened constituent layer 12a for the core sections and a photo mask 21 have stuck 
here so that constituent layer 12a for the core sections may not be contacted. There are a pro 
squeak tee exposing method exposed by preparing the gap of about 100 micrometers between a 
mask and the exposed body as such an approach, the projection exposing method which is made 
to estrange a mask and the exposed body and is exposed by carrying out image formation 
optically. 

[0075] After irradiating ultraviolet rays and predetermined time amount passes, ultraviolet rays 
are not irradiated with a photo mask 21, but dissolution removal of the part 12a2 in the condition 
of not hardening is carried out with developers, such as an acetone. Since the crosslinking 
density of the part 12a1 which the clad section 11 and core section constituent layer 12a 
hardened is high at this time, there is little possibility that these fields will dissolve. 
[0076] Next, hardened material layer 12a is washed using isopropyl alcohol as a rinse, and the 
acetone which permeates the interior of hardened material layer 12a, and is made to swell 
hardened material layer 12a is removed. Thereby, as shown in drawing 1 (F), a flat-surface 
configuration is beltlike and the core section 12 of two or more optical waveguides whose 
refractive indexes are about 1.56 is formed. 

[0077] Finally, as shown in drawing 1 (G), using the ingredient same on the exposure of the clad 
section 11, and the core section 12 as the clad section 11, by the same approach as the clad 
section 11, the clad section 13 is formed and the optical waveguide of the embedding mold which 
consists of the core section 12 and the clad sections 11 and 13 is completed. 
[0078] Thus, in the manufactured optical waveguide, if a lightwave signal carries out incidence to 
an end side, this lightwave signal will spread the interior and it will carry out outgoing radiation 
from an other end side. 

[0079] As for the developer used in the manufacture approach of the optical waveguide in this 
invention, it is desirable that the effect which is excellent in the solubility over the part in the 
condition of not hardening, i.e., the solubility over the constituent for optical waveguide resin, and 
it has on the hardened part uses few solvents. As such a solvent, ethyl acetate, butyl acetate, 
gamma-butyrolactone, Ester, such as ethylene glycol monoethyl ether acetate and propylene- 
glycol-monomethyl-ether acetate; Ethylene glycol monoethyl ether, Diethylene glycol monoethyl 
ether, propylene glycol monomethyl ether, Ether alcohol, such as dipropylene glycol monomethyl 
ether; An acetone, The ether, such as ketone; dioxanes, such as a methyl ethyl ketone and 
methyl isobutyl ketone, and a tetrahydrofuran; aromatic hydrocarbon, such as benzene, toluene, 
and a xylene, etc. is mentioned. These may be used by one sort, and may mix and use two or 
more sorts. Moreover, the solvent with low solubility of the constituent for optical waveguide 
resin, for example, water, alcohol, etc., may be added to these solvents, and the bloating 
tendency of a hardened material may be adjusted to them. Among these solvents, since toxicity 
is low and the boiling point is also low, the acetone also has the advantage of being easy to deal 
with it generally, and is desirable. 

[0080] Since the hardened core section is hardly invaded but it is easy to dissolve it with a 
developer, while using isopropyl alcohol as a rinse used in the manufacture approach of the 
optical waveguide in this invention can remove a part for a non-hard spot completely, it is 
because it can finish without leaving the hardened core part in a nearly perfect form, and leaving 
dust to a substrate top face. 

[0081] As a rinse used for such the purpose, although it changes also with classes of developer, 
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lower alcohol, such as a methanol, ethanol, isopropyl alcohol, and a butanol, is desirable. 
Furthermore, it is isopropyl alcohol preferably. 

[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EXAMPLE 



[Example] Although an example is given and this invention is hereafter explained further to a 
detail, this invention is not limited to these examples at all. In addition, the "section" in an 
example and the example of a comparison is the mass section as long as there is no notice 
especially. 

[0083] In addition, among the ingredients used in the example and the example of a comparison, 
the commercial item was as follows, and it was used as it was, without refining. 
POX: The Toagosei make, 3-ethyl-3-phenoxymethyl oxetane XDO : The Toagosei make, 1 and 
4-bis[(3-ethyl-3-OKISETA nil methoxy) methyl] benzene 3000 : The Daicel Chemical Industries, 
Ltd. make (trade name SEROKI side 3000), Limonene dioxide 21 10 : The Asahi Denka Kogyo 
make (trade name KRM-2110), 2 organic-functions cycloaliphatic epoxy resin 828 : OiHzed shell 
epoxy company make (trade name Epicoat 828), Bisphenol A mold epoxy resin M-309:Toagosei 
make and trimethylolpropane triacrylate 3000A : Epoxy ester by Kyoeisha chemistry company 
3000A, Bisphenol A diglycidyl-ether acrylic-acid addition-product SI-60L 3 Japanese Federation 
of Chemical Industry Workers' Unions industrial company make (trade name SAN-AID SI-60L), a 
heat cationic initiator (sulfonium salt) 

6990: Made in Union Carbide (trade name UVI-6990), the optical cationic initiator 907 : the Ciba 
Specialty Chemicals make (trade name IRUGA cure 907), a photopolymerization initiator [0084] 
That to which the artificer did chemosynthesis of the compound which is not marketed was 
used. That is, about the 7 and 8-epoxy-5-methyl-2-oxaspiro [3.5] nonane and 6, and 7-epoxy- 
2-oxaspiro [3.5] nonane, this invention person compounded the approach given in a U.S. Pat No. 
3388105 number to reference. In detail, the 7 and 8-epoxy-5~methyl-2-oxaspiro [3.5] nonane 
was compounded as follows. 

[0085] 2-methyl-4-cyclohexene-1-carboaldehyde 327g which is the Diels-Alder resultant of a 
butadiene and a crotonaldehyde, methanol 600ml, and 729g of 37% of formalin water are fed into 
a Composition of 6-methyl-3-cyclohexene -1 and 1-dimethanol> 3 opening flask, and the 
temperature up was carried out to 60 degrees C, stirring this solution. Then, the solution which 
dissolved KOH252g in 600ml of distilled water was dropped over 2 hours. After continuing stirring 
for 7 hours, vacuum concentration of the reaction solution was carried out, and the residue of a 
bilayer was obtained. 300ml distilled water washed the oil reservoir condensed by about 150ml. 
After carrying out vacuum concentration of the oil reservoir, 50mg (BHT) of 3 and 5-JI (t- 
butyl)-4-hydroxytoluene was added, vacuum distillation was performed, and 6-methyl~3- 
cyclohexene -1 and 1-dimethanol 31 1g (82% of yield) which is a colorless crystal was obtained. 
[0086] 6-methyl-3-cyclohexene -1 and 1-dimethanol 31 Og (1.99 mol), dimethyl carbonate (DMC) 
894g, and 0.93g of potassium carbonate were taught to the Composition of 6-methyl-3- 
cyclohexene -1 and 1-dimethanol annular carbonate> 3 opening flask, the temperature up was 
carried out to 90 degrees C, and it was made to flow back for 4 hours. The reaction solution was 
returned to the room temperature and potassium carbonate was carried out the exception. 
After adding 120mg of BHT(s), DMC and the methanol which remain were removed under 
reduced pressure of 2kPa(s) (15mmHg), vacuum distillation was performed continuously, and 
326g (89.4% of yield) of the 6-methyl-3-cyclohexenes -1 and 1-dimethanol annular carbonates 
which are an ordinary temperature colorlessness crystal were obtained. 
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[0087] The 6-methyl-3-cyclohexene -1, 321.1 5g of 1-dimethanol annular carbonates, BHT642mg 
(0.2 mass %), and LiCI1.93g were taught to the Composition of 9-methyl-2-oxaspiro [3.5] nona- 
6-en (CHEO)> 3 opening flask, and heating stirring was carried out at 275 degrees C using the 
mantle heater. Heating was continued for 4 hours until it stopped having extracted and distilled 
the product immediately the bottom of reduced pressure of about 8 kPa(s) (60mmHg), and out of 
the system. BHT600mg was added to the product, vacuum distillation was performed and 187g 
(71% of yield) of CHEO(s) which are a transparent and colorless liquid was obtained. 
[0088] Since Composition of 7 and 8-epoxy-5-methyl-2-oxaspiro [3.5] nonane (ECHO)> 
CHEO50g was dissolved in 150ml dichloromethane, it supplied to the reactor. The thing which 
made 400ml dichloromethane suspend 93.7g of m-chloro perbenzoic acids was dropped over 1 
hour so that a reaction solution might not exceed 40 degrees C. Depositing m-chloro benzoic 
acid was carried out the exception, and was often washed by cold dichloromethane. 15.0g of 
calcium hydroxides was thrown into the organic layer, the depositing crystal was carried out the 

exception after 30-minute stirring, and it washed by cold dichloromethane. It condensed, after 
5% of NaHS04 water and saturation brine washed the organic layer, and 38.1 g (73.7% of yield) of 
ECHO(s) of a colorless semisolid configuration was obtained in ordinary temperature by vacuum 
distillation. 

[0089] The 6-ethyl-3-cyclohexene-1-carboaldehyde which is the Diels-Alder resultant of a 
butadiene and trans-2-pen TENARU was used instead of the Diels-Alder resultant of the 
butadiene and crotonaldehyde which were used by composition of the Composition of a 7 and 
8-epoxy-5-ethyl-2-oxaspiro [3.5] nonane (EECHO)> ECHO, and this invention person 
compounded with the procedure similar to the above. 

[0090] instead of [ of the Diels-Alder resultant of the butadiene and crotonaldehyde which were 
used by composition of the Composition of a 7 and 8-epoxy-5-trifluoromethyl-2-oxaspiro [3.5] 
nonane (EFCHO)> ECHO ] — a butadiene and trans- the Diels-Alder resultant with a 4, 4, and 
4-trifluoro-2-buthenal was used, and this invention person compounded with the procedure 
similar to the above. 

[0091] 5% palladium / activated carbon is made into a catalyst for the aforementioned 6-methyl- 
3-cyclohexene -1 and 1-dimethanol in toluene at a Composition of 5-methyl-2-oxaspiro [3.5] 
nonane (CHO)> 1L3 opening flask. 2-methylcyclohexane [ which carried out hydrogenation / 
which was obtained with hydrogen gas ] -1, and 1-dimethanol 474g, 405g of dimethyl carbonate, 
and 1.4g of potassium carbonate were put in, and it reacted for 14 hours, distilling off the 
methanol which carries out heating stirring and which is generated at the temperature of 100 
degrees C among an oil bath out of a system by ordinary pressure. Finally the inside of a 
reaction container was made reduced pressure to 10mmHg(s), and the corresponding carbonate 
was obtained at 95% of yield. 

[0092] It reacted for 10 hours, having carried out heating stirring of the obtained annular 
carbonate at 250 degrees C as it was, and discharging the produced carbon dioxide gas out of a 
system from the upper part of a cooling system. Distillation purification of this reaction solution 
was carried out, and CHO230g was obtained. 

[0093] The 2-phenylcyclohexane -1 and 1-dimethanol which are obtained by carrying out 
hydrogenation of the Diels-Alder resultant of a butadiene and trans-cinnamaldehyde with 
hydrogen gas instead of the 2-methylcyclohexane -1 used by composition of Composition of 2- 
OKISA-5-phenyl SUPIRO [3.5] nonane (PCHO)> CHO and 1-dimethanol by making 5% 
palladium / activated carbon into a catalyst in toluene were used, and this invention person 
compounded with the same procedure as the above. 

[0094] Instead of the 6-methyl-3-cyclohexene -1 obtained from the Diels-Alder reactant of a 
butadiene and a crotonaldehyde used at the time of Composition of spiro [bicyclo [2.2.1] 
heptane -2 and 3-oxetane] (NRBO)> CHO composition, and 1-dimethanol 5% palladium / 
activated carbon is made into a catalyst for a cyclopentadiene, the bicyclo [2.2.1] hepta — 5-en - 
1 which is the resultant of an acrolein, and 1-dimethanol in toluene. With hydrogen gas this 
invention person compounded with the same procedure as the above by completely performing 
the same reaction using the bicyclo [2.2.1] heptane -1 and 1-dimethanol which carried out 
hydrogenation. 
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[0095] Composition (fluorination epoxy resin A) which is diglycidyl ether which is a bis(1, 1,1,3, 
3, and 3-hexafluoro isopropyl) cyclohexane> [Formula 12] 



Macromolecules It compounded according to 1996, 29, and 2006-2010. Obtained fluorination 
epoxy resin A used the mixture of 15% of things whose things of 0 are [ n of a repeat unit ] 1, 
85% of things which are 3, and 1 and 4 for association of 100% and a cyclohexane. 
[0096] <examples 1-8 and the examples 1-3 of a comparison> — the photoresist of the 
constituent for optical waveguide resin was examined first The oxetane compound, the epoxy 
compound, the optical cationic initiator, etc. were mixed by the combination (the numeric value 
of front Naka is the mass section) shown in Table 1, and each constituent for optical waveguide 
resin was obtained. 

[0097] Thus, about each obtained constituent for optical waveguide resin, as it was the following, 
the photo-curing sex test was performed. On the glass substrate, the thickness of a constituent 
layer was applied so that it might be set to 100 micrometers. Then, it irradiated for 10 seconds 
with the output of 24 mW/cm2 using the metal halide lamp, and the constituent layer was 
hardened. The condition of the tuck of the hardened constituent layer is investigated by the 
fingertip, and the obtained result is shown in Table 1. Here, when there was no tuck in a 
hardened material layer, there was a tuck a little and "**" and a tuck existed [ "O" and ], it was 
described as "x." 

[0098] Although it is the mixture of an alicyclic compound (a) and an epoxy compound which has 
the OKISETANIRU radical of this invention, as for examples 1-8, it turns out that it excels in 
hardenability. 

[0099] On the other hand, although the example 1 of a comparison was the constituent of only 
an epoxy compound, it did not harden at all but the remarkable tuck was shown. Moreover, the 
examples 2 and 3 of a comparison are examples using the oxetane compound which does not 
have alicyclic structure as an oxetane compound. Although the improvement in hardenability was 
checked compared with the constituent of only an epoxy compound, as compared with the 
example which mixed the alicyclic compound (a) which has the OKISETANIRU radical of this 
invention, hardenability was a little inferior. To the oxetane compound of this invention, although 
the example 4 was a mixed example of other oxetane compounds, it was hardened enough. The 
hardenability of the alicyclic compound (a) which has the OKISETANIRU radical of this invention 
is reflected. Moreover, in the example 5, although it was the example which mixed the radical 
polymerization initiator with the radical polymerization nature compound, this example was also 
hardened enough. 

[0100] Thus, it turns out that the constituent for optical waveguide resin containing the alicyclic 
compound (a) which has the OKISETANIRU radical of this invention is excellent in hardenability. 
[0101] Furthermore, about the thing after full hardening of each obtained constituent for optical 
waveguide resin (light was irradiated further and it was made to harden completely), the 
refractive index to the D line of the sodium in 25 degrees C was measured, and the result was 
shown in Table 1. The refractive index was measured with the Abbe refractive-index plan (Atago 
Co., Ltd. Abbe refractive-index total 1 mold). As for the refractive index, it turned out that it can 
change with 1.465 to 1.550 and can adjust as a constituent for the object for the clad sections, 
and the core sections. 
[0102] 
[Table 1] 
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[0103] The thermosetting of the constituent examples 9-11 and for <examples 4-6 of 
comparison> optical waveguide resin was examined. Each constituent for optical waveguide resin 
was similarly adjusted except having changed the optical cationic initiator of examples 1-8 and 
the examples 1-3 of a comparison into heat cationic initiator SI-60L The (mass section) is 
shown for loadings in Table 2. 

[0104] Thus, about each obtained constituent for optical waveguide resin, as it was the following, 
the heat-curing sex test was performed. The class product was put in into the sample bottle and 
it soaked in the 80-degree C oil bath. Thermosetting was judged as follows about the description 
of the class product after hardening for 1 minute. It is [ "**" and the thing of "x" and the thing 
currently thickened which is carrying out full hardening ] "O which viscosity has hardly changed 
and carried out/' 

[0105] The result was shown in Table 2. Thermosetting is [ constituent / containing the alicyclic 
compound (a) which has the OKISETANIRU radical of this invention / an epoxy compound 
independent or other oxetane compounds ] remarkably high. 

[0106] Although heat curing could also be used if needed in the clad section of optical 
waveguide, it turned out that the constituent for optical waveguide resin of this invention has 



sufficient hardenability also in heat curing. 
[0107] 

[Table 2] 
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[0108] Example of manufacture and constituent ECHO for the clad sections of <example 12> 
optical waveguide 40 mass sections, 2110 Ten mass sections, 828 Ten mass sections, optical 
cationic initiator UVI-6990 Three mass sections were mixed so that it might become 
homogeneity enough. Furthermore, the constituent for the optical waveguide clad sections was 
obtained by filtering and removing dust etc. In addition, the thing of the same name of article as 
what was stated in the examples 1-8 was used for each ingredient. 

[0109] - Constituent ECHO for the core sections 30 mass sections, 2110 Ten mass sections, 
828 60 mass sections, optical cationic initiator UVI-6990 Three mass sections were mixed so 
that it might become homogeneity enough. Furthermore, the constituent for the optical 
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waveguide core sections was obtained by filtering and removing dust etc. In addition, the thing of 
the same name of article as what was stated in the examples 1-8 was used for each ingredient. 
[0110] Next, manufacture of optical waveguide is explained. As shown in drawing 1 (A), the 
substrate 10 which consists of silicon was prepared and constituent layer 11a which consists of 
a constituent for the optical waveguide clad sections was formed with the spin coat method the 
whole surface on this substrate 10. Then, as shown in drawing 1 (B), the ultraviolet rays of 2500 
mJ/cm2 were irradiated using the extra-high pressure mercury lamp to constituent layer 11a. 
The clad section 1 1 was formed by hardening constituent layer 1 1a ( drawing 1 (C)). At this time, 
the thickness of the clad section 11 was 30 micrometers. Moreover, it was 1.512 when the 
refractive index of the clad section 1 1 to the D line of the sodium in 25 degrees C was 
measured. 

[0111] Next, as shown in drawing 1 (D), on the clad section 11, the spin coat method was used 
and constituent layer 12a was formed by applying the constituent for the optical waveguide core 
sections. 

[0112] Furthermore, it has arranged so that 100 micrometers of photo masks 21 which have 
opening of the shape of a stripe whose width of face is 30 micrometers may be estranged from 
the front face of a substrate 10, and the ultraviolet rays of 1500 mJ/cm2 were irradiated to 
constituent layer 12a through this photo mask 21 using the extra-high pressure mercury lamp 
(the pro squeak tee exposing method). Part 12a1 corresponding to [ as this showed drawing 1 
(E) ] opening of the photo mask of constituent layer 12a The constituent for the optical 
waveguide core sections which constitutes constituent layer 1 2a then hardened. At this time, 
the thickness of hardened constituent layer 12a was 30 micrometers. Moreover, when the 
refractive index to the D line of the sodium in 25 degrees C was measured, it was 1.558, and the 
refractive-index difference with the clad section 1 1 was 0.046. 

[0113] After irradiating ultraviolet rays, ultraviolet rays are not irradiated with a photo mask 21, 
but it is the part 12a2 in the condition of not hardening. Dissolution removal was carried out with 
the acetone. Then, hardened material layer 12a (12a1) was washed using isopropyl alcohol. Thus, 
as shown in drawing 1 (F), two or more core sections 1 2 with a beltlike flat-surface configuration 
were formed. 

[0114] Finally, as shown in drawing 1 (G), the clad section 13 was formed by the same approach 
as the clad section 11 on the exposure of the clad section 11, and the core section 12 using the 
same constituent as the clad section 1 1, and the optical waveguide of an embedding mold was 
produced. 

[0115] <Example 13> width of face produced optical waveguide like the example 12 except for 
having formed the core section with a width of face of 50 micrometers using the photo mask 21 
(refer to drawing 1 (D)) which has opening of the shape of a stripe which is 50 micrometers. 
[0116] <Example 14> width efface produced optical waveguide like the example 12 except for 
having formed the core section with a width of face of 70 micrometers using the photo mask 21 
which has opening of the shape of a stripe which is 70 micrometers. 

[0117] Thus, about the optical waveguide of the acquired examples 12-14, the trial about optical 
transmission loss was performed, respectively. This trial used the wavelength of 790nm, and 
650nm semiconductor laser, and measured the propagation loss in TE (Transverse Electro) mode 
and TM (Transverse Magnetic) mode by the cutting-back method (how to measure the output 
power of optical waveguide, while cutting optical waveguide short gradually). The obtained result 
is shown in Table 3. 

[0118] In addition, the TE mode is the mode in which an electric-field component exists only in 
the cross section of optical waveguide, and it has a field component in the optical propagation 
direction. Moreover, the TM mode is the mode in which a field component exists only in the 
cross section of optical waveguide, and it has an electric-field component in the optical 
propagation direction. 

[01 19] As shown also in Table 3, also in which the mode of the TE mode and the TM mode, the 
small value of 0.22~0.37dB/cm was acquired, and the optical waveguide of examples 12-14 was a 
good thing which has few optical transmission loss. 
[0120] 
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[Table 3] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing an example of the production process of the optical waveguide 

using the constituent for optical waveguide resin of this invention. 

[0124] 

[Description of Notations] 

11a The constituent layer for optical waveguide resin for the clad sections 

10 Substrate 

11 Clad Section (Hardened Material of Constituent for Optical Waveguide Resin for Clads) 
21 Photo Mask 

12a The constituent layer for section optical waveguide resin for cores 

Twelveal Hardened material of the constituent for optical waveguide resin for the core sections 
Twelvea2 Non-hardened material of the constituent for optical waveguide resin for the core 
sections 

12 Core Section 

13 Clad Section 



[Translation done.] 
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* NOTICES * 
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damages caused by the use of this translation. 
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3.1n the drawings, any words are not translated. 
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30 iE£&9s S&XttSrlPliS^S. 

[0 0 3 0] (3) T^^5^^:tXli, 

7> 8-^7K^r^-5-y^/U-^^^^t: 0 n [3. 
5] y^"^. 7, 8 -^tK^tv'- 5 -3i^/U- 2 -^"^r 
fXifP [3. 5] yt-V. 7, 8-^^-2-^ 
3r*tf— 5 -7x^/UX t°u [3. 5] y^^. 7, 8~ 

[3. 5] y^V s 6, 7-^tK^tv— 2.-**V*\? 
X2 [3. 5] y^V. ^t°n [5, 6-x^yy;^ 
/U-^-V-2, 3' -UrttZ^I > ^ [5, 6-3i 
40 ^^ix-3-yf L /^y/^/^^-2 f 3* -^^rir^ 
V] ^-Cfc6c r^e>^ I t J X-^7, 8-3i^^i/-5- 
y f-flr- 2-^-^r^^b: 0 ci [3. 5] y-^^ 6, 7- 
oixK^i/-2-^-^^^t: ,, i3 [3. 5] y-^^dS#*L 

[0031] cttfe^b-fr^tt^-fe^^^St 31 ** 
(oa{b5«ff^iRj±«-**u"c^e. ^/c. 

[00 3 2]-K(D , (2), (3) -C«£*b* 



9 



(6) 
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$k±<om>&vob\^-cmmx-$z>o ^frhvc&m (a) <o 

^JSW^jtWttlSWIIBffllHja**; l < n i ~ 9 o 
®fi%, Ii:fftt< 121 0-6 0Ki%tfe5„ 

[oo3 3] *i^o^rtn-ea±^^^^'>s* 

Lx *tt#~fr2ktt\*t£\*yt&to (b) £L-ai 

[0 0 3 4]ftft«M> t'^7xy-/UA^y^ 
/l/x-f/l^, fcT^^aiy — A'F v^y S/i^/loi— tvK 

x/-/uAv>^y v-^-f/K ^St4bfc**:7^y — 
i/yi/^x-f/K /^7s/^I^^'>»fli (fit 

h y >ry ->^>fy^7? u~ h^ffiv^ii^t*# 

So 

[00 3 5] ^x^JrM^irtt, 
(3, 4-^^^v">^n^^ri//U) **vP-3' , 
4' -cn^^^v^ n^^^/U^/UTK^ixU— K 2- 
(3, 4-3i7K^v^>^n-^^v//U- 5, 5-Xt'D- 

ls x t:*;* (3, 4 -X/jf^i/i/^ PA.^rv//l/y f /U) T 
K fc*xi/U^ n^^ir^^rlNf h\ 4 - t'xi 
/Um^^i^ n~.3f1^ fc** (3, 4-3u)f3rv'- 

Tv^— K 3, 4 
-auK3ei/-6-y^/Uv/^ , 4' - 

x^v/- 6 ' — jt^/Uisf p^^I^^/M^v'L'— 
K l/yt'X (3 . 4 — 3uK3r$/S/^ n^^f-ih 

h\ xf i/^ya-zuo^ (3, 4-3i 



30 



tK^S/5/* P'^5//U;<^Vl') 3i— tvK m^u^t*^ 
(3, 4 -mzK^rv'v'^ p ^^>-;fr/Utf;3r5/ U — h) 

[0 0 3 6] IE^3i7K^'>^=¥lM: Kd7^;v8-W 

=¥:y/K i, 4-^^y^t-/^^y ; >^-f 

^y-try >-hy ^y->^ux- tvk hy^fp-^ 
p/NVh!)^y^x-f/K ^yxfvy^y^- 
/uv^y ->^/ux-f/K y :Tp tvy^y 3— /u^ 

*y yy^x-f/U> 31^ u^-^y n — /K /nt'i^V 

•tuij; ^t^ns^y 31— ^/u^y a-— /uoTjfy ^y 

— r/ug ; MM^T^^-zw^/^y v^a-31- 
r-/^ ; ttArPl) tvK ^^-/w-^y 5/5/ 

/nn— ^/U, ^i//;^y v"^x-r;K y^/u^^ 
xvu* y V-VVU31— tvK ^ y 5/5^/Uj?* * * y h ; 

7xy — /K * /f/i/7iy- ./u*fcii^tt 

tbtiT/i-^u^^^-r K^rftSPLTtt^tt^jKy 31- 
f/ur^=i-/WOTy^y ^^ux-r^g ; Mwkfimffi 
M<D?V 5/5//U3i;*7VU3g ; 3uK^ri/>fl:^:s:te ; 3ixK3f 

[0 0 3 7] S.e>^*38WO**»K<OBW*S:BStfti" 

z>tz.m^7v srjbhf- * *-r * 7 y b3i # ^ */\\&m* 
r ti-J; 9 0fSl^Jffl5f*{w«ifii--5^^*spriB"C*>So 

[0 0 3 8] JWtofctt rj£ffli»3g»6 8#*1# (1 
9 9 9) % p. 4-1 3J lwTI2^^)^M^I5tt^tL 

U£7] 



8 CF, 



[ft 8] 



n CF 3 



[ft 9] 
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Ufci o] 



Msi i] 



o-<1 o 



[0 0 3 9] r n^^t^-e^±^3i7K^v/S^ 10 
U ^ir*~/^S£^LftiMfc^ (b) fi*Sfc-e* 

[0040] -ft-g^ (b) comsm (2««_b*flfffl-r 

(a) (D^tt : 1 0 O^aaSlC^UT 1-1 0, 0 00 

HiSd^K, 10-1, oooRi»Wi:94 
[00 4 1] ^aSM-CV^fiHt^/^^— «ft^fiSA**5J: 
(c) (i. ttlR^***^^^**^*— »^>BWH' 20 

4fe (c) ji— a^^^-^m'&HttSJ-efc^x 

(c) S:IM8*ai*^^«*WI>«iJi: 1 bW-t"S. 
[00 4 2] S*iffi*^^->fi'&H*fia»Jtt. *D^£/i 
(4*^JI4^o*«l**lwJ:oT*«W<o<k*» (a) . 
{bgr« (b) *3j:tf-to*&<o*^vfi-&tt«iW 

[0 0 4 3] Sfc. *»WCV^5»«±S*^^«'& 

&<0 £r i:ot^5 <fc-&«J tt** tuft V \, 
[0 0 4 4] HflRiffl*^*^*^*^]!: LXtt^ftl 

^WcR^S^et^-Cfift^o 

[0045] ^/^^^^jfcai^iiassffl*^^* 

HMMflfcLTfl, fc** [4- (i^7^/w*/u*=:d-) 

K t** [4- (v^7x^/^^t) ^zc^/U] * 
[4- (^7 cc^/u*/^ :=■;*-) 37x.^/U] */>:7-f K 

^7/PtP7x^) tf* K ^7^n/P-4- (7 so 



*:7 3L— K "^7x^-4- (7x^ft) 7x^ 

^n/U— 4 — (7x^/l/ft) *7 ^—/VTs/Vfr — j^Af 
h77/l^tP^^-hx v/^ain/l — 4 - (:7 3i~/l^ 
7x=:/^;^^^A =r b^3r* (^O-fV/is* 
uyzc—jU) t^U— K h!i7x^/M/U*^!)A^ 
^^/U^t37}>^^^— K h !J 7xr:/U^;^r:i>^ 
W/l'tPTyf^- K h I) 7x-/^/U*^') 
At h77/utP**^- K h !J 7x-;^/^-^ 

f h7^7, (^>^ 7/^P7x^/U) tKU— K fc'X 

[4- (v? (4- (2-fc h*~» ) 7 

>Vs\>Vi£~j>r) 7i=^] ^7^ K t'^^^rl^^/^ 
tP*^7x-h, fc** [4- (v? (4- (2-fc Kp 

^^k ^w^tpryf^-h, tr* [4 

- (v> (4- (2-fc Ko*'>i h^rf) ) 7x^/^ 

#U~K fc** [4- (is (4- (2-fc KP^h 
) 7x^/^/^^^t) ^^^/U] ^)V7 4 K7 1 
h7^r^ (^y^7/UtP7x=/P) t^U— K ft<W 

[0 0 4 6] 3-K=*^fi*<a»»£^#^*-^*& 

^-a^x^zn— v ? 7x-;V3- 
/i/tP/yf^-K v?7x^/U3- K^^A r h 
y-yjv^rui^Xy—Y. v^x^/ua — K— £A r h7 

(^^^^7/U^-D^^^/U) K fc*^ ( Kf 

^/;l/7x^;U) 3— K^r> A ^3^:7/1^0 /ft* T7ix 

7^tP7yf^-h> fc'^ ( Kf->^7a:- /U) 3 

— 7- Yy-7 ^wfc^— K fc*^ (Kr-^ 

^^/U) 3— K— f h7^ 
;7^/U) ^U-h> 4-^^/U^^-/^-4- ( 1 - 
>^/Uzc^/U) 7x^/1/3- !>A ^^f-^/U^-p 
tJx^T^— K 4 -^f/V7x^-4- (1-^^ 

^e^— 4 -;t^7x^/l/- 4 - (l-^/l-^ 
;u) 7x^;i/3-K^!?^r h77^tP/fu—hs 4 
4 - ( 1 - ^ ^/U^^/W) ^x:=./U 
3 — K-^A fh7^ (^y^7/UtP7x=/U) 
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[0 0 4 7] *X7fr^$J*&Jfr<nWt&±W#?'*lsS& 

[0 0 4 8] s*T2/=**tt*^ife»£S!#^">** 

^-dt^u— K 7x^;P^r/^?A r h7^r^ (^ 
[0 0 4 9] 7 = t^I* 

BWWJfcurtt. i — ^-2-5/7/ try 

2 2-v-T/ try v?=l£A T 1 F7 7/l^t 

D#l/-h, 1 --<y^- 2 - t°y '^^7 

K^^r^ (^V^^/i^cr 7x-/U) zKU — K 1 — 

(^y^/u^f-zu) -2-^7/t'y^ 1 )^ ^^-f- 

7/UtD^X7x-h > 1- (^^Vl'T^/l') -2- 

•>7y t 4 y ^t7/^D7yf^-K 

1 - (t7f/U^f/V) - 2 -i/TS try £A 7" 
h77^tP/fl—h^ 1- -2- 
~>T / t°y i/~$J» =r Yy*r* y/u^-ay^ 

[0 0 5 0] y~v*>m<Dm&£M*^*>'M&fflte 

MtlsXfts (2, 4 -v-^ D'O'^v^^- 1 — W 
/U) t -O-if^] -Fe (II) ^ 

^■f-y/U^D/^^^oi— h x (2, 4 -~>^ 

<M [ (1 - ^/l^^/l-) -^Vif - 
Fe (II) ^t7/l/tP7yf^*-hs 2, 4 - *> 
^D^y^^xy-i-^f/v) [ (l— ^^viol^vu) 
^yify] -Fe (II) rh77/Vto^l/-h, 2, 
4 -v^ n-O-^v^ny- 1 --</W) [ ( 1 - ^ "TfVzsL 
*f-)V) /<yfy] -Fe (11) X h7^r^ !7/U 

[00 5 1] zfrh<ntt&±m*^*^M'£'Wlt£ffl~e& 

tt. M»I?±SSP-1 5 0. SP-170, CP 
-6 6, CP - 7 7 ; KttBCYRA 
CURE-UVI-6990, UV 1 -6 9 7 4 ; 0* 
WitttSiC 1-2855, CI-2639 ; E£Hb^X 
SKttSHf-^^ KSI -6 0 ; r^;u^a7 2 6 1 J 
. ^v/t^r^f • 4r^#/l'XttaS (2, 4— > 



(8) ^2 0 0 3- 1 7 7 2 6 
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^ a^y^^xy- l --f/u) [ (i-^^/u^^/u) 
-Fe (II) ^ic-v-y/u^-vfr^y 

f.) ^ r d — K '>/U (RHODORS I L) 20 7 
4j ; (n — * • ^— 7>tt»4-^^^3inyu-4 
- (1 - ^f/l/xf;U) :7mp/W3 — KxyA fF7 

(^O-^^/^o^^— /W) t — h) . ft4f* s * 
If <b*x5o 

[0052] -thbmm±m*^*^M&mhm&. ± 

»l:«R^ft^*s, (a) . VC&W (b) O^ft 

LX0. 0 5~2 5m #£L<fSl-2 0fCS£fl 

-es>6, samaaso. o 5fcggf$J: o^ftv^tftfFFft 

/uaf— j^tt^piB^iefflafS^^s-efcs, 2 5i 

20 u < ftv v ffijz:iarii4fc | t , i-*Wb*»-fc ux^#-r 
5*a*#< ft 0 a^«oi»tt* s fiT-rs»^* s *>s, 

[0 0 5 3] ^:^(Cio^-C^T^^-r^^^> / M'a' 

it^y^-tatt aft»«tt^»«*^-x.ft^«H 
5 0 c <d # ^ yi^^ / - f ibss ^*>m 

& £ -tlt&yo ffeoT fc^ $3 (a) . ffrg* (b) £W 

h\ 3, 3-^^^/^^^^ 3, 3-v^^tn/uy 
30 ^/U^-^rir^^. 3 — :c^vU— 3-y^y ^J^Jr 
=^ir^V\ 3 — m^/l — 3-t Kn^WH^ 
y (*^?±S!;^EOXA) > tr* [ (3-^ 
^/U-3-^*-fc*-Av< h^r*» -<^^ 

XDO) N hy C (3 -3C^- 3 -^ir^xi/uy h 
^V) ^^/u] -<>'^>'> k:'^ C (3-^fvi--3-tf- 
^r-fe^xi/wy h^r'» 7*^/^3:=. ^ — 3- 
m^/U- 3- [ (^-^i/7-/wy h^riy) ^^/U] ^"^r 

40 y dr^>^/u^n^^^^re«*^««^{-^^ 
*n/u£j& s f+^T^6^*-fe* ; h7t Kp 

7 7 y, 2, 3-^f/^h7t KP7 7 ^t^ 

i, 3, 6 - h y t^rf y p ^ y^(oi)R7t 

1, 2-/otVy^/W7^f h% ftx^PPfc Ky 
y^f^7^b^; 3, 3 ^^(D 

so /v, h y xf ^ y ^ y fx/ux-f/K h.Mf 



(9) 
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[0 0 5 4] rtl^^^^^Vfi^tt^y^-dcia^: 

tt^ey^-^ga^fl; ( 2«J^±£«/Br5^te^;ft'b 10 
<0-g*Hr) fj*)MoftM (a) to^tf: 10 0ft 
SWtxi-io, oooftta, ff*t<(110- 
1, 0 0 o«»SB-e*>So ifa^^^&te^y-^- 

it-SmZit^m (a) c^f+: 10 0M8l:»L2 0 

[0055] *jsn^%iSBttBA&aiMii^ 3t (a 

»*RB.SU*i/^«5H-C, yiy^J^m^mt^ (d) S: 20 

**p-r-5ctt>^jiB-e*>6o ffr&ft (d) £LTf*. w 

mffl ^ ^ /us-^tt ^ y - r- # 3 o ^ftt^i- 
fi, y^/u (y y k x^/u u*) 
y u-k n-ypt> (y*) r^y ix— k n-y 

*f~jv (y*) 7^!)l/-h, 2-^/W^vvl' (y 

7^yu-K 7»y/w (y*) 7^yi/- k > 

(y yu-h, 2 -31 h*5/^/^ (y r 
^yi/-h, ^y *>v?/u o 7^yu-h, 2 - 1 30 

Kn^ri/xf/U (y*) T^yu-K (y 

r^yu— K xfi/y^ya-/^y (y*) r 
* y u- h^^mflg (y *) y Mfr&*» ; ^ 
Vuy^ya-/^ (y y k #y 

>>/y =r-/u^ (y 9) T? y K hy^fn-^ 

/p^yhy (y*) 7^yi/-K ^v^3.y^y h 
-;ut h? (y y k s^o^^y^y h 
-)v^s$ (y*) T^yu-F, ^-gm^tf*^ (y 
*) 7^yi/-m (y*) r^y 

U~ h»JIB»*¥*f 5 - t ^-C^ 5 0 40 
[00 5 6] *^*»M^3t*JftK^B*f*S:WS-r'5 

-*-$:\Y&m (d) fcutftffltsc^tpng-cfcio 
*frWic«2, 2, 2- hy (y^o r 

^yi/-h, 2, 2, 3, 3-fh77/Ptn/Pt> 

(y y k ^y^7/^p^p tvu (y 
y K ^f7;^o^y7 p p^ (y 
7^y^-h, (y^) r 

[0 0 5 7] fl-frfc (d) O^DfiJi. *LR9l<Dik&ta so 
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(a) . ffc^fc (b) . (c) . *3J:V-t*tbK 

#Lt5-2 0 Oftl #*L<fil 0-1 0 Offfi 
SBT-fc5 0 aSiDl:^2 OOKftffiS:jBx.S4:«*««H4 

[0 0 5 8] ±E^^/^fi-&tt^* (d) (D7'^ 

/us-& * r m t-ffiii £ * 5 fc ^ ?z>*> 

(e) SrJDx.SCtdsa*U<, ftU^JCL^^/U* 

#t^^E*-r5o (e) t ttn « 

^f^7^7tF7x/y N 2, 2-v^b3r 
v/-2-7i=/W7th7x/y x 2, 2-v ? ^xh=¥'> 
-2-7xx/l,7ir h7x/y x 2-tFn^>-2- 
^f;u-l-7xn/u7o/N 4 y-l-ty, 1-tKn 
3r-y->^ o^^ri//u ^31^/1^^- hy, 2— ^^-/u— 1 — 
[4- (y^/u^^) 7^x/u] - 2 -^e/uzfc y y 
/O-l-Jrl/ (f/U-<i/tyf^-^^^X?i 
g;^;W^7 9 0 7) . 4- ( 2 - t: K d ^i/xi h 
37zc^/l — 2 - (h: Kc2^r->- 2 -^o tVU) >5r 

hy, ^y/7xyy, p - 77 ^^/u^vy^^ y 

y/7xyy, 2 -y f;i^7 > Yy*/ 2—t—zf 
^-jvTi/v?*;^, 2-7^;7yh7^yy, 2- 
^^/^^r^>h>, 2-xf/^^fyhy, 2 

-^DDfWyh^ 2, 4-iy^/^^t^> 

^y^^^f/^^-zK p— y"^f/v7^y 
^1>#®^^^^/K 2, 4, 6-hy^f/^y/^/u 

i/7xx;U7t^7-<y^f^K (BASFttg;/U 

-yyyTPO) , trx (2, 6-i/y h^v^^:/^ 
/u) -2, 4, 4— h y ;«f/v-^yf;u7t^7^y 
t^rt-< htf i^SJ (f/<^ytyr^^;^ 
Xttl;>f/U^71 7 0 0, 1 4 9, 1 80 0). 
t:** (2, 4, 6-hy^^/^y/^/V) -7x^/U 
^^-x^^y-^-^rf-^ K (f/^^-ytyr^-^^ 
/UX?±M ; ^;Wa78 1 9) *Sj&s*tf<b*b5o 

[0059] %v*s%tvmm\ (e) <o&mm:&. mj& 

m x $<D7 ; ?j3J\'&&&i\&*fo (d) <D Uf) TfVsl' 
S4if(?)7^/H^tttl6Sl ^ti:»L0. 00 7 
-0. 5^ftfflt5^^^t^5 0 
[0 0 6 0] *»M03t*»B«IIBffliBJ««fcrt:. >ZM 

>yh7 jx^TPJttftw^v^m^r *isfrhf&tt%mt 



(10) 
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[0 0 6 1] *»W^*#jftK»BBfflJB*«rt:3Eiwj|B«» 

/k tvy^y 3— #y^ 
^yny>\ jKy^ytyy, -o-^y^y h— /k 

^fli, *3SWo*»KK«BBffl«a*«J*^^ (a) 
— (e) &£Xf^<Dm<D#^*>'m&&* S 

i o-3 oftiasfi-efc^Ti^o 
[0 0 6 2] **w^)*WttlB«flBffliBa«*iS* 31 * 

2, 4-^f/W#yhy 2, 4-^^ nnf 
^liooftsn^tt, 0. l-10 0li^ 

[oo6 3] $f)M5ni£i:T, ->y=-^ 7^ 
*SL K^SW^iHffiffl ; ^y ; -< s 
^ry—/^. M/r/-^ >7^5/^y 

v/^^^yy^k KBM3 0 3, KBM4 0 3, 

KBM4 0 2 ; HgglfcT^^e^ y yS^^f^, # 
[00 6 4] **^o**»K»flBffl*a*»tt-^*"e 

(c8EaUT#fc<b^» (a) s {fc^ (b) , 

(c) *^<o»^i»KS:^«^j:^«i$«. mwf&m. 

[0 0 6 5] *JSMJ-*3tt-53t*iStK»HBffiiiaj««lttS 

(8Mb) S-^^wt^-c#<So ::t^^tt^ 
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[0 0 6 6] *|89BO3fe*»K#J!Bffl«a^«JSri0»(w <t 
*Dj»3M*fi* £f£ L< I1&J5 0-2 
sot:, J:9»*U<tttt'7 5-2 o o'Ctw^-c**) 
0. 2-60», KUI^O. 5-205), J:9# 

[0 0 6 7] **W^*»«tK^JB*r*fi2 5 {wort- 
's h y !>AC0D^*H.T 1 . 4 0-1. 70tfc6 

10 (OJSSf^tl. 40-1. 7 0^5r^^Ll/\ 

= TSB 1 ^ 9 y K«ttJB*r** s i . 

/u^e— K^CfiO. 0 0 i mgi^-h. -e/i^e— K 
wi^CfiO. 01—0. lig^it'fcixtf, TfcfctfS: 

[0 0 6 8] -«W{w**ftK»l!Bffl*iJ*fttt-tt*^ 

#«H4JHSr*a s l . 4 0—1. 7 0MX^!)s ^tt^ 
20 ^^^li^^Ri-^w^^^Jt^^b^-fr^r 
t^J:oTttftl^W«K»IIB<oJB**S:IRI1W-t-Si:^ 

[0 0 6 9] *W»K»J3Bffla*«9«:ffl^^i*» 

[0 0 7 0] *i\ mi (A) lc»UfcJ:5tw. ->y=» 
^ J: r> l 0 ±ic, 3t»JKB^ 7 s/ K*ffllHriWJ 

7 * KSPfflfi^ftS 11a ^Mt6o 
so [0 0 7 1] ftd. 01 (B) (C^L/cJ: 9 ^75/ 

l/\ 2 5mW/cm z ^^t6 O^FpIM^MI: 

<t:$iir5o 01 (C) tc^Ufe<t3^. * 

1 1 afe^l:Wt*«^, ®9f^fi> MMO. 0 

40 [0 0 7 2] 01 (D) IC^LfcJ: 9 

^3 0 M m8* 4 5 J: 5 l-i* U 1 2 a £ 

[0 0 7 3] £i^> Xh7>f^ttPMtt57 
*■ h-^^^ 2 1 ^fCMfell 2 al^LXM« 
SrfiaW-TSo 7th-rx^2 1^^79ffi 

fidSttJl i 2 a ±^3r«pffl*afi8:*a i 2 a tsettufc 

so mmJ£fc§&7 2 0 - 2 O 0 mW/ 
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(11) 



&ffi 2003-177260 

20 



cm 2 ^-C5-l2 0&f P 1fT5, Ztb\^X V . El 
(E) l£^Lfc«fc 5 ^TSfflMftil2a(7)7t 

[0 0 7 4] *Bft©3r*ffllflJ5lMlil.2a 

5i % 3T^fflW»il2a^7th^^2lH J 
»*U-CU^5fc*, ±5£ELfcJ:5(-7^- h^^^ 2 1 

!feJf*s*>S B ^<D£ot£l5feh LTtt, ^**fc*S«3te 
[0 0 7 5] *^|»«:BM*b-C*>e>gf36^*IB* s »Sll- 

fco*>. 7t 2 i la «w^,it^nf , 

*^b«ffi^8P^l 2 a2£Ti? h^ft if osteal- <fc 
»iBjftttJI 1 2 a *>BMfcLfc»# 1 2 a 1 *)%tiRffiA*t 

'>ftv\ 

[0 0 7 61 y^ftfcLT-fy^o^T/Wa 
— /u*JIIt^Ti!Mfc*WI 12a £r<5fc^U m\^oM 12a 

h^*l»*-r-5 0 El (F) 

^ «^.tfspBHJttdS»R-e*>0. «Wr#tfl. 5 6S 

[0 0 7 7] El (G) iC^LfcJ: ^y 

1 fcl^— <DttPr*m^X. ?7yh'&lltmfc<OJjfe 
K«ll, 13 ^^45I^^*iS»S:^ 

[0 0 7 8] r<DJ:5^UT»5SSnfc*»»K'C«i. 

— «ffi^*fi-^36 s Ait-re t . 

[0 0 7 9] &&m\z#rtZftmfe&<nM&*&:lz&\,^ 
txs 8Mb L fc as#t- * & e »»a s 4> ft v >g»j ^i/^- 

^yxf/n-rmr-h, 7 , nt , i/y^y 

^ey Tvurirx— hftfc f <^*7vi' ; ai^u 

zn^/Ucn— yvU s 7^P tVy^li 3-;^7 ^ f 

^•hy, y ^/i-f y -f^jv^r V ^ft Wr b ^ ; v 5 ^^ 
lJ->\ r h7 t FD7 7^if^-r^ ; ^fy, 



/naif srsao Ltsw^Mtt^iStt t i 

i£t ^ x\ ^klft WJ-Si 9 &t ^"f v * fc v * b MM, t> * tt 
[0 0 8 0] *«WJ-*3*t-6**jfiK^»51*&*-^^ 

*S UTIS±II^^ *:»■*- - fc ft < tt-tlf* - £ &X 
[0 0 8 1] r^)J:5ftiW-Cffiffi$ix^y >-*i£fc L 
ai^y— /K ^y/ntVUT^^-zK 7#s— /Wftfc* 

20 ypt>r/w3-/w-efo$o 

[0 0 8 2] 

t(0-Cfifti\ ft**. *«l«fcJ:^H:««o*<o rgfsj 
[0 0 8 3] ftfc\ **«*3j:tfH:««-e«tfflUfc«-» 

POX:«SMfil, 3-*^-3-7*-/ 
30 ^v^Th^rir^ > 

XDO:«S^m 1. [ (3-a^/U- 

3 0 0 0: ^ir/Wb^X^?±M ((gp 0 p*tDW K 

3000). y^y^t^fK 

2 110 :Jfi«bX3R«! fflp B B*KRM-2 110). 

8 2 8: tt<kixi/U3ijK^rv'tt« (iSp p p^ai hf=i— h 8 

2 8) . ^7xy-;UA®x^i/»Jg 

m-3 0 9 :*gg^j«a«. hy>fp-/^p^yh 

3 0 0 OA : ^^±^^±^^^^^^^3 0 0 0 
SI-60L: H*Mfc*l£tt» (ISp d p^^^^ KS 

i - e o D . &#^*i'm&mm u^^^^a 

6 9 9 0: ^^^V^7-/M Ktt» (^d d p^UV I -6 

9 9 0) , **^^fi^llB*6#] 

9 0 7: ^< • ^^v-^/l-X^ • ^-^^7/^X^±M (lSp a p 

50 ^></u7tf^^T9o 7) % ftM&mm 
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[0 0 8 4] miKSnx^*vMt-&«»ttlSM#*Ht;^'fr 

[3. 5] /-fS$5£X$6, 
7 -ui^v/- ^t°n [3. 5] y-^Vlno 

^Tfi#HWfF3 3 8 8 1 0 5-g-Sa«c^*ft*#%«w* 
*M#d 5 -&fi8Ufe 0 f£L<f*x 7, 8-^^^ri/-5- 

^f/u-2-^f^t°p [3. 5] yi->UTU<om 

[0 0 8 5] < 6 -y ^VU- 3 P^^riTV- 1 , 

1 ->>y — /\s<D<&$,> 3oP77^^C^ v^>- 10 

h^T/l^t: K£ODiels-AlderEJS£riM&"C*> 
5 2-y ^/l— 4— n^^-irv- 1 —XiViRTflrf 
t K3 2 7 g> ^^y-^6 0 0ml W3 7%(7)^ 
vyy7K7 2 9 g^gAU C 6 
Ot^ta**^ «^XKOH2 5 2 gS:Ii7k6 0 
0mllC**Ufc»»*r2*nilWtX«ITUfe, 7WFIB 

»fc 0 5 0ml ^«3BS^a««:3 0 0m 1 <DSg 

(t-^/>) -4-tK0^r'>h/^y (BHT) £ 20 

5 0mgS»DU J*E*«fcfTl\ Sfefei-C*>5 6- 
y ^/U- 3-'>^ P^3ri?>-- 1 , 1 -^^y-/W3 

1 1 g OK* 8 2%) £r#fc 0 

[0 0 8 6] < 6—^^/1 — 3->^P^^r-fe^-l, 
1 -v^ *y — /PfltttAlk^^7-^^JEft> 30P77 
^ =r (d 6 —tf/X'— 3 - is? n^^ir^- 1 , 1 — 
^y-/U3 10g(1.99nol), v>y — tf^— h 

(DMC) 8 94gMiii!)^0. 9 3 g £rffi£ 

^ N 9o < cjcjHau4i»iBaflts*fco KJS»«S:^ta 

|:IU RS^y^^SrWItfcc BHT£rl2 0mg 30 
WSDLfc«, 8fft6DMCiW^;-^*2kPa 
(15mmHg) ^iETX^it, JKl^XWE***: 
fT^#i&&fofell"C£>5 6 -y^/l — 3-v^n^^Mr 

OK* 8 9.4%) #fco 

[008 7] <9-y^-2-^f-^tfn[3. 5] 
y 6 -xy (CHEO) <D^/&> 30P77^^C 

6 - ^f/I^- 3 -v^ P^^rir 1 , 1 -v 5 ^ — 
^iW«r/U3 2 1.15g, BHT 6 4 2 m g 

(0. 2Hfi%) . L i C 1 1 . 9 3 gSrfti^ h 40 

/ut-^-^^t2 7 s^-eJDjRai^ufco 

E*)(^8kPa (6 0mmHg) ^^JiT, 

«CBHT6 0 0mgS:Ms WESKSSrfTl/^feSW 
«#"e*)$CHEO*:l 8 7 g (IR*7 1%) *§fc 0 

[0 0 8 8] <7, 8 -ol 5 -y ^v>- 2 -Jr 

ari^^t'n [3. 5] (ECHO) OM>CH 

EO50g^l50ml dd^ t 

rt^RJESl-SAUfc, m-* 0Pi8SAfS9 3. 7 
g£4 0 0m 1 <D i/t p p y * ^{cS^^/c^GD&r^ 50 
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y ^^-eJt<«B»U*:. ^JII£*BIMt#/^*-*l 
5. 0g£&AU 3 0^»»«, WUUfcJBASrWB'J 

ia^SKife«^ECH0^3 8. lg 
(IK* 7 3. 7%) #fc 0 

[0 0 8 9] <7, 8 -X/f ^y- 5 -m^vu— 2 — 
^r^^fp [3. 5] (EECHO) 0>&J«>E 

CHO(0^"Cffll^^^y^P>V7/l'7t K 

t r a n s — 2 — -^>"7^— /k£ ODiels-AlderixJS^. 

[00 9 0] <7, 8-i^'>-5-hy7/^P^ 
^/U- 2-^-^ri^^t 0 P [3. 5] y-t*^ (EFCH 
O) ^>ECHO^tI^fc^^y^p 

h yT^7 t K £ CODiels-Alder^iS^^JOft^ 9 
tC s trans-4, 4, 4— h U 

n — 2 — zf'T-y— /U£ (DDiels-Alder££JC£^^£:{£#] 

[0 0 9 1] < 5-y^/^-2-^-^ri?-^ tTa [3. 
5] y^V (CHO) £0 > o k /$> 1 L 30P77^ 3 ^Sl 
1£(£>6 3 - n^^rir V- 1 > 1 - 

J-tV* h /ux y 1* 5 7 ^ ^ i^/^K^ttl ^ 
U**^l:cJ:ot*i8Ltftfc 2 - ^f 

1, 1 —;/y ^y — /U4 7 4 g. j^g&^y ^-^ 

4 0 5 g. mk*> y *A 1 . 4 g £rAtU /i"<xtp 

1 0 ot^^st-wWL, £/S-r*y /i"** 

ffi-C**l£«*UooRj£«: 1 4B#fiflffofc 0 

[0 0 9 2] ftb*ifc««*ix^f/H:t©44 2 5 

19 ^^.^#fii Uoo^ft^: 1 0 0#P^fTo7t o r <£>aC*t 
«*8Se«f»U CHO2 30 gW: o 
[0 0 9 3] < 2-*-*-0— 5 -7xr:/^ en [3. 
5] y^>- (PCHO) (^)M>CHO^Mt^ 
2-y ^fV*/? u^lc-y-Z/— 1, 1 — ZsJfS—sWft 
fr<9 v 5 ^^^ trans -^jffiT/V^ t K^: 

CODiels-AlderKfS^^C^^ h 5 ^ 

^-5 2- 7x^y^D^^fy- i» 1 -v^y ^ y — 

[0 0 9 4] <^t°n [fcrv^n [2. 2. l] — 79 
^-2, 3' -^ir^^] (NRBO) CH 
O-^ricWPJCfflV^fc^^^^^t 3 ^7/Wft K^Di 
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(13) 
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[2. 2. 1] ^*-5-3iV- 1 , l^v^*/- 
7K^^(cj:oT7X^Ufct*^^n [2. 2. 1] — -? 

CF 3 



[0095] <fc** (1, 1, 1, 3, 3, 3-^^f-f- 

x-r/KD^ (7^*fk3i^^v'afBBA) > 
[{LI 2] 



Ma c r omo 1 e c u 1 e s 1 9 9 6, 2 9, 2 0 
0 6-2 0 1 0l:^MU o »S>frfc:7y5Bffc3i7K 
^^WflBAtt* 9 5SU*fit<7>n*s Ootids 1 0 0%. 
^?*^*ry->'<Dm&&l, 3t^^t^)8 5%, 1, 

[0 0 9 6] <^fe^l-8. fcttt«l--3>*i\ * 

[0097] coj:5i-ur»fe^«-5t#»K»reffl 

7c 0 ^7^SS±l:I^i^f 1 0 0 
X 2 4 mW/ c m 2 ^ttWX 1 0 U 

^icfi TAJ s * y * fcft&lstcm&n Txj £f2L 

/Co 

[0 0 9 8] HfiMl —8li*3SMO^-fe^=/uSSr 
[00 9 9] — ifc«W 1 fl^#* i/i\&W<n&<Df& 



30 



fc 0 Sfc. tt:mM2}s£X$3n**c-z? ^ik&Vak IT 
Mai****:* v*-anr * i/ ^Mffe 

±*i«sssn^*s. *mw<D**±f ~/um&&-tz>ffi 

«*ft** (a) *jB-&bfel?lfi«^lt«-rsi:Wbtt 

\^fcmxiozfr^<nmmmh+ftmk\,x\*^ 

[oioo] c:oj:5(-*iSW^^^"fe^=/^**-t" 
[0101] JEd. »fc*Lfc*3te*KK»Jffiffl^»^ 

^) tco^x. 2 starts-*- h y ^A^D^i^m- 

6JB0r*S:»J5£U IS*** 1 Lfc, ffi*r*fiAb 
b e ® «t (ft^ttT ^ Abbe iS^r^tt 1 

S) Xay^L^c 0 JB**f41. 4 6 5H 1. 5 5 0 £ 

[0 10 2] 
[^1] 





___S 






R 








1 


2 


3 


4 


5 


6 


7 


B 


Hj 


2 


3 




CH0 


20 




















CHE0 




30 




















PCHO 
















10 








NRBO 










10 














ECHO 






50 


50 


40 


30 


28 










EECHO 














25 










EFCHD 
















10 










POX 




















30 




XDO 








10 








10 






50 






















I- 10 






KRM-2110 


50 


40 








30 




30 


80 


40 






30 


30 


50 


40 




20 


50 




10 


30 


50 












50 






40 










M-309 












5 












30 00 A 












15 














UV1-6990 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 


3 
















1 












^ 




O 




O 


O 


O 


O 


O 


O 


X 


A. 






1.532 


1.531 


1.547 


1505 


1.465 


1.49* 


1.550 


1.480 


1.523 


t.571 


1.569 
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[0 10 3] <IWJ9-1 1. tfcfe^J4-6>^K 

^fi-&BH*6»JS I - 6 0 L ^aEJE-Ufca^flWfllHc 
#*WftB»reffl«L«»4:W«EL^. BE^Sfc (ICS 

[0104] z<D£i\zisXftbtiiz&ftmfc&ffifiim 

m^twO^T. J^T^J: 5 I- LTlfcWISttWIfctfTo 



10 



TAJ , ^BMfcLT^SfcWi" r Oj -efc^o 

[0 10 5] IS*4r*2K*Ufco *»W^^-fe^=- 

[0106] *»»aB<0^ 9 * K*H£i3^TttsfcWae 

Xl^ZZk&ftfr'itio 
[0 10 7] 
1^2] 







m 


m m 


it 






9 


10 


11 


4 


G 


6 




CHO 


20 












CHEO 




30 










ECHO 






50 










POX 










30 




XDO 












50 












10 






KRM-2110 


50 


40 




80 


40 






30 


30 


50 


10 


30 


50 




SI-60L 


3 


3 


3 


3 


3 


3 






O-A 


O 


X 


A 


A 



[0108] <mmm 1 2 >yt>»$i®<ommw 

- 2 y y KffiJBJBfifc* 

ECHO 4 0SCS3S. 2110 1 011^ 8 28 

i onm&. wnrym&mi&iflvv 1-6990 

3 left 5 J: 5 Kfi-fr Lfco 3EM X 7 
[0 10 9] ■ aTttflMfiriMfc 

ECHO 3 0gi^ 2110 1 Of 135s 8 28 
6 Ofta 3ft*^=*-^*-&H!*WWUV 1 -6 9 9 0 
3 <fc o \cm& Lfc 0 JSC ^ 

[0 110] &C 3t^&8S0lBi3tJco^r^i-6 0 
01 (A) l:^U:J:5i:, ->y s^J: 0 ttSSfii 0 
^ffliU ca>£« l oJi^^ffit^, ^t°yn- hfei;: 
J: 0 . 5fe#KS§^ 7 y K»ffl»J«««t 9 *S«fiMWB l 
la^MUio *<OSL Bl (B) K**UfcJ:5K:, 

tajftibJi naw i^xmrnfE^my >-?*m^x 2 5 

OOmJ/cm 2 <D%$ftf&%mM L/c 0 j^feS 1 1 a 

&mik'i'Z>z.k\z.£*)*yy K«i i*:»*Lfc (01 

(C) ) o C<7><t#. ^7yK^llOf^ll30/im 

k»i KOBSfspSraa^Lfetr^ 1. 5 

1 2T'$)of; 0 



[Ollll il (D) U/c<£ 5 9yy 

«ffl«rt«Wra*i"5 w fc tcj; 9*a/£Wl 12a 

L7t 0 

[0 112] ffldS3 h7-f^(Di 

u&^-tz>y* v-*^? 2 1 £g*Ei o<£>*ffi?&*e> 1 o 
^ itx si^ffiTK^^ zszf*m^xmrfiVom 12a t^*t 

30 It 1 5 0 0 m J / c m 2 (7)»i^lt Ifc 

i/^T^nytm o c^j:t), 01 (e) \^istz± 

S&#1 2 a 1 -CI*. ffidM&Ji 12a S:»ric-r*3te»R& 
I12a^f^i30iimT'fcofc, £fc. 2 5 < C{-io 

1 . 5 5 8t*fc^ VyyYUWb <oWS\^W^ 0 . 
0 4 6X*fcofc 0 

[0 113] 3£**|&filUHXfc<D*>, Y-*^t 2 1 

40 \z±v%ftmmtt£ti-r. *mt«HB^«^i 2 a 2 

/WT^^-zU^l^tSttll 2 a (1 2 al ) ^r»c 
j^L/c 0 Cc7)J:9{cL-C, 0 1 (F) i^LfcJ: 

[0 114] S%C @1 (G) (c^LfcJ: ^9 
s/ K»l l«)«UI*5J:r;37«l 2©±C Vy yY 

&i i kmcmj&%i&m*<^x. tyy kspi 1 tmm<o 

jjfe\z£ *) * y v KSfS 1 3 *?g/SU ««>ii^^*# 
so [0 115] <HJ6« 1 3 >4S*5 5 0 /irnO^ h 7^/ 



(15) 
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«OHBPS:tt57* h-?*? 2 1 (Hi (D) 

[0 1 16] <%Wft \ 4 >**7 h^-T^ 
^O^Pft^Pf h^** 2 1 SrJfl^T. «7 0 /i 

mtf)37«»*tfe:t«:l*t^ **«12tB!ffi: 

[0117] c<Oct b\z\,x'&htitz.mm\i 2-14 

ttfTofCo £tf)i*Rfi, 8ft7 90 nm*3J:tf6 5 0n 
mO**ffU— fSr||lt*C, TE (Transverse Elect 
ro) ^e— Kib^t/TM (Transverse Magnetic ) *™ K 



28 

*#S0 CiOJBELfc, »&jh,fcl6*ft«3l;:*-r. 
[0 118] tt*3, TE^-K^H 3t*StB^Wrffi»- 

[0 119] «3^fet»35*«J:5^ 2-1 
<£>^e— KKUSV^Cfc* 0. 2 2 — 0. 37dB/cmO 

[0 12 0] 
[313] 



(nm) 


W*E-K 


5fefe«Sf«*:(dB/cm) [ 








790 


TE*— K 


0.26 


0.25 


0.23 


TM*— K 


0.25 


0.23 


0.22 


650 


TE*— K 


0.35 


0.37 


0.34 


TM*— K 


0.34 


0,35 


0.33 



20 



[0 12 1] 

ffrfrfc (a) t*^**»*iM»*Bffl»*«tt**^ 

[0 12 2] £fc> #3SW<D**ir#=/i'Sft#^SJiB 
«^k*«J (a) 14. aLsJf^rS/ft**^*©^*^* 

* i/fc&m t s-^-r 5 w fc m «t 9 H*r*ft3Efc 

[0 12 3] 

[Hi] «Woat»*l6«rilB«lftl»»*:ffl''^*»» 



[0 12 4] 

[«P*<OlftW] 



l 
1 0 

1 1 



30 



2 1 7* h^*^ 7 
12a 3Tffltt36W**»J»ffl»rii4Wi 
1 2 a 1 a rasfl? 

1 2 a 2 3T»ffl**«K»l»«3ia*«^*W^* 

1 2 ^rg{5 

13 * 7 y K» 



(16) 
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101] 



(B> 



iuv) 

iiiiiiiiiiiii 



| : ' j sit' ^ ^ . -; ;cp ' 



1 o s£ 



1 1 a 
1 0 



<C) 



11 
1 o 



<d> Stfttt (uv) 

iinnntuiiniii 




21 7*m^ 

1 2 ft 



IZl, I2l : 



(F) 



■ 1 2 37» 



(G) 



ir 



1 3 K* 
1 2 
1 1 

1 0 



(72)3SSU# »# 



U2)mm& fib i»- 

F^-A(#%) 2H047 PA02 QA05 TA41 

4JO05 AA07 AA11 BAOO BB01 BB02 



